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ABSTRACT 

The flow of data from their sources in space to their 
ultimate users on the ground is discussed with regard to three 
advanced manned missions: 

1. Mars Flyby. 

2. Earth Orbital-Earth Resources and Meteorology. 

3 .  Earth Orbital-Astronomy. 

Estimates are made of the types, rates, and total 
quantities of data generated during each of these missions. 
subsequent spaceborne routing, storage, and processing of this 
data are treated individually. Examples of possible spaceborne 
data flows are given in the form of  overall flow diagrams. 

The 

is 
(i 
mu 

A brief discussion of space-to-ground communications 
followed by a description of hon data are presently handled 

n Apollo) once they are received on the ground. Factors which 
st be considered for future ground systems (e.g., data rates 

volume, and location of experimenters) are presented. An 
example is given of a possible organization f o r  a future 
ground-based data flow. 

The memorandum concludes with a summary (pages 33-35) 
of the results of an analysis of these areas and the identifica- 
~ L U I I  of soiiie of the xiore significant problems facing future data 
management. 
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MEMORANDUM FOR FILE 

I. I N T R O D U C T I O N  

E a r t h  o r b i t a l  s p a c e  s t a t i o n s  and p l a n e t a r y  f l y b y s  are 
among t h e  manned m i s s i o n s  be ing  c o n s i d e r e d  f o r  t h e  p e r i o d  be- 

(’) Miss ions  yond t h e  Apol lo  and Apol lo  A p p l i c a t i o n s  Programs.  
s u c h  as t h e s e  w i l l  g e n e r a t e  da t a  a t  much h i g h e r  r a t e s  t h a n  
Apo l lo  m i s s i o n s ,  and w i l l  produce o r d e r s  o r  magni tude  more d a t a  
i n  t o t a l .  T h i s  r e p o r t  i s  a p r e l i m i n a r y  a t t e m p t  t o  d e f i n e  some 
o f  t h e  problems and t r a d e o f f s  i n v o l v e d  i n  c o p i n g  w i t h  t h e s e  
v a s t l y  i n c r e a s e d  da t a  l o a d s ,  b o t h  i n  s p a c e  and  on t h e  ground.  

The r e p o r t  c o n s i d e r s  t h e  o v e r a l l  f l ow o f  da t a  from 
g e n e r a t i o n  t h r o u g h  p r o c e s s i n g  and  on  t o  d e l i v e r y  t o  u s e r s  o r  
s t o r a g e .  (The t e r m  d a t a  i s  used  i n  i t s  b r o a d  s e n s e  - p i c t u r e s ,  
v o i c e ,  samples,  d l g i t a l  and a n a l o g  s i g n a l s ,  e t c . )  The space -  
b o r n e  p o r t i o n  o f  t h e  data flow i s  d i s c u s s e d  i n  S e c t i o n  11. 
I n c l u d e d  a r e  p r e l i m i n a r y  f low d iagrams f o r :  t h e  s p a c e b o r n e  
p o r t i o n s  o f  an e a r t h  o r b i t a l  m i s s i o n  which emphas izes  meteoro-  
l o g y  and e a r t h  r e s o u r c e s  e x p e r i m e n t s ;  an  e a r t h  o r b i t a l  m i s s i o n  
which e m p h a s i z e s  as t ronomy e x p e r i m e n t s ;  and a Mars f l y b y  m i s -  
s i o n .  S e c t i o n  I11 d i s c u s s e s  communicat ions be tween s p a c e  and  
g round .  S e c t i o n  I V  c o n s i d e r s  t h e  f low o f  d a t a  on t h e  g round ,  
and i n c l u d e s  d iagrams r e p r e s e n t i n g  a p o s s i b l e  g round  da t a  f low 
f o r  t h e  above m i s s i o n s .  

11. FLOW OF D A T A  IN SPACE 

A .  D e f i n i t i o n s  

One may t h i n k  o f  a s p a c e b o r n e  da t a  f low as c o n s i s t i n g  
of  f i v e  b a s i c  f u n c t i o n s :  
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1. Data G e n e r a t i o n  
2 .  Data R o u t i n g  
3. Data S t o r a g e  
4. Data P r o c e s s i n g  and C o n t r o l  
5 .  Data Communications 

Data Management 

For t h e  p u r p o s e  o f  t h i s  p a p e r  t h e s e  f u n c t i o n s  s h a l l  b e  d e f i n e d  
as f o l l o w s :  

Data G e n e r a t i o n  i s  t h e  p r o d u c t i o n  ( b i r t h )  o f  d a t a  by 
s p a c e b o r n e  s o u r c e s  such  as t h e  crew, s p a c e c r a f t  s y s t e m s ,  a n d  
e x p e r i m e n t s .  
move from t h e i r  g e n e r a t i o n  t o  t h e i r  u s e  on b o a r d ,  or t o  t h e i r  
p h y s i c a l  or t r a n s m i t t e d  e x i t  from t h e  s p a c e c r a f t .  A s imi l a r  
d e f i n i t i o n  a p p l i e s  t o  da t a  r e c e i v e d  by t h e  s p a c e c r a f t  from ex- 
t e r n a l  s o u r c e s .  Data S t o r a g e  is s e l f - e x p l a n a t o I * y ,  e x c e p t  t h a t  
i t  i s  c o n s i d e r e d  t o  i n c l u d e  t h e  t y p e  o f  s h o r t - t e r m  s t o r a g e  
c a l l e d  b u f f e r i n g .  Data P r o c e s s i n g  and C o n t r o l  i s  t h e  c o n d i t i o n -  
i n g  o f  da ta ,  and any a n a l y s i s ,  r e s p o n s e ,  o r  t r a n s f o r m a t i o n s  t o  
t h e i r  i n f o r m a t i o n  c o n t e n t .  Data Communications i s  t h e  p r o c e s s  
o f  t r a n s f e r r i n g  da t a  between s p a c e c r a f t  and  ear th .  I t  a l s o  
i n c l u d e s  t r a n s f e r s  between remote s y s t e m s  o f  t h e  s p a c e c r a f t  
( s u c h  as p r o b e s )  and  t h e  s p a c e c r a f t  or e a r t h .  

Data R o u t i n g  i s  t h e  c h o i c e  o f  paths  b y  which d a t a  

F i g u r e  1 shows t h e  r e l a t i o n s h i p  o f  t h e  f u n c t i o n s .  
F i g u r e  2 shows how th'ese f u n c t i o n s  are p h y s i c a l l y  d i s t r i b u t e d  
( a t  a gross l e v e l ) .  
c i t  i n  t h e  p h y s i c a l  l a y o u t  o f  t h e  b l a c k  boxes .  

Note t h a t  t h e  " r o u t i n g "  f u n c t i o n  i s  i m p l i -  

B .  Data G e n e r a t i o n  

The s p a c e b o r n e  s o u r c e s  which g e n e r a t e  da t a  i n c l u d e :  
t h e  e x p e r i m e n t s ,  s y s t e m s ,  and crew on  b o a r d  t h e  manned space -  
c r a f t  ( S / C ) ;  t h e  e x p e r i m e n t s  and s y s t e m s  on b o a r d  p r o b e s  
(unmanned S / C )  re leased  from t h e  manned s / C ;  and  t h e  e x p e r i -  
ments  and sys t ems  on boa rd  S/C s e n t  up from e a r t h  i n  s u p p o r t  o f  
manned S / C  ( e . g . ,  communication s a t e l l i t e s  or l o g i s t i c s  
~ r n h i  n 7 A n )  
" L L l L L L C D ) .  

I n  t h e  Gemini a n d  Apo l lo  m i s s i o n s  t h e  b u l k  o f  data 
g e n e r a t e d  i n  s p a c e  ( i n  terms o f  e q u i v a l e n t  b i t s * )  i s  pho togra -  
p h i c :  p i c t u r e s  and movies o f  crew and v e h i c l e  o p e r a t i o n s ,  and  

* I n  v a r i o u s  p l a c e s  i n  t h i s  r e p o r t  i t  i s  n e c e s s a r y  t o  com- 
p a r e  q u a n t i t i e s  of u n l i k e  d a t a ,  i . e . ,  d i g i t a l  s i gna l s ,  a n a l o g  
s i g n a l s ,  and  p h o t o g r a p h s .  The compar i sons  a re  c a r r i e d  o u t  by 
c o n c e p t u a l l y  c o n v e r t i n g  a l l  d a t a  t o  e l e c t r i c a l  b i n a r y  d i g i t s  
( b i t s ) .  



I 

* 

I BELLCOMM, INC. - 3 -  

o f  t h e  ea r th  and moon. The l a r g e  number o f  b i t s  i n  t h e s e  p i c -  
t u r e s p o s e s  l i t t l e  problem because  t h e  m i s s i o n s  are r e l a t i v e l y  
s h o r t  (one  day  t o  two w e e k s )  and t h e  p i c t u r e s  may b e  p h y s i c a l l y  
r e t u r n e d  a t  the end o f  a m i s s i o n .  The b u l k  o f  t h e  r e m a i n i n g  
data  g e n e r a t e d  i s  TV and s p a c e c r a f t  s y s t e m s  data. The s y s t e m s  
data  i s  t r a n s m i t t e d  o v e r  a 5 1 . 2  Kb/s t e l e m e t r y  c h a n n e l .  The TV 
i s  of  r e l a t i v e l y  low q u a l i t y "  (500  K H z  b a s e b a n d )  and  i s  t r a n s -  
m i t t e d  o v e r  a 3 .5  MHz RF channe l .  

I n  advanced  manned m i s s i o n s ,  t h e  v a s t  b u l k  o f  gene r -  
a t ed  da t a  w i l l  a l s o  be  p h o t o g r a p h i c ,  m o s t l y  f rom e x p e r i m e n t s  
r e q u i r i n g  h i g h  r e s o l u t i o n  pho tographs  o f  t h e  E a r t h ,  Sun ,  
p l a n e t s ,  or o t h e r  c e l e s t i a l  b o d i e s .  However, u n l i k e  t h e  m i s -  
s i o n s t h r o u g h  Apol lo ,  i t  w i l l  no t  be r e a s o n a b l e  t o  wait t h e  
e n t i r e  m i s s i o n  d u r a t i o n  (one  t o  f i v e  years )  for t h e  r e t u r n  o f  
a l l  p i c t u r e s .  One must t h e r e f o r e  p l a n  on s e n d i n g  back  a t  l ea s t  
a s e l e c t e d  g roup  o f  t h e  p i c t u r e s ,  i f  n o t  i n  r ea l  t i m e ,  t h e n  
w i t h i n  d a y s  or weeks a f t e r  they  are t a k e n .  For t h i s  r e a s o n  one  
m u s t  b e  conce rned  w i t h  t h e  number of b i t s  p e r  p i c t u r e ,  t h e  r a t e  
a t  which p i c t u r e s  are t a k e n ,  and t h e  t o t a l  number o f  p i c t u r e s .  

The number of b i t s  i n  a s i n g l e  p i c t u r e  can  v a r y  from 
2 x l o 6  ( a  s i n g l e  f rame of  commercial  TV) t o  5 x l o 9  ( t h e  e q u i -  
v a l e n t  o f  a h i g h  r e s o l u t i o n  Lunar O r b i t e r  p i c t u r e )  t o  a p p r o x i -  
m a t e l y  1011 ( a  6" x 6" p i c t u r e  w i t h  300 lines/mm t a k e n  t h r o u g h  a 
40"  t e l e s c o p e  on a Mars f l y b y  m i s s i o n ) .  The p h o t o g r a p h i c  
r e p e t i t i o n  r a t e  and t h e  t o t a l  number o f  p i c t u r e s  t o  b e  t a k e n  
a re  d e t e r m i n e d  by a combina t ion  o f :  r e q u i r e m e n t s  from e x p e r i -  
m e n t e r s ;  e x p e r i m e n t  hardware  c o r i s t r a i n t s ,  s u c h  as a camera 
s y s t e m ' s  maximum r e p e t i t i o n  r a t e ;  m i s s i o n  c o n s t r a i n t s ,  s u c h  as 
t h e  ground t r a c k ,  m i s s i o n  d u r a t i o n ,  a v a i l a b l e  man-hours,  and  
a t t i t u d e  c o n t r o l  f u e l  a v a i l a b l e  f o r  h o l d i n g  and p o i n t i n g ;  data 
s t o r a g e  c a p a c i t i e s ;  and d a t a  t r a n s m i s s i o n  c a p a b i l i t i e s .  I n t e r -  
n a t i o n a l  d ip lomacy may a l s o  d i c t a t e  c o n s t r a i n t s ,  s u c h  as 
a l l o w a b l e  p h o t o g r a p h i c  cove rage  o f  f o r e i g n  t e r r i t o r y .  

A c o n s t r a i n t  which s h o u l d  be  c o n s i d e r e d  b u t  o f t e n  
i s n ' t  i s  t h e  a b i l i t y  t o  p r o c e s s  a l l  o f  t h e  da ta  b e i n g  c o l l e c t e d .  
A p rominen t  astrcnorncr** recently remarked t h a t  a l t h o u g h  p u t t i n g  
a t e l e s c o p e  above t h e  e a r t h ' s  a tmosphe re  g i v e s  i t  t h e  a b i l i t y  t o  
c o l l e c t  a t h o u s a n d - f o l d  more da t a ,  t he re  a r e n ' t  a t h o u s a n d - f o l d  
more a s t r o n o m e r s  a v a i l a b l e  t o  p r o c e s s  i t .  W h i l e  t h i s  i s  a n  
e x t r e m e  o v e r s i m p l i f i c a t i o n  i n  t h i s  computer  age, t h e  p o i n t  i s  
s t i l l  n o t e w o r t h y .  

* U . S .  commercial  TV baseband i s  4 . 2 5  MHz. 

**W. G .  T i f f t .  S e e  R e f e r e n c e  2 .  
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The above f a c t o r s  make it d i f f i c u l t  t o  estimate data 
rates and t o t a l  data c o l l e c t e d  i n  p i c t u r e s  e v e n  t o  w i t h i n  
o r d e r s  of magni tude .  With t h e s e  r e s e r v a t i o n s  i n  mind, one  

1 4  estimate ( 3 )  f o r  a Mars f l y b y  m i s s i o n  g i v e s  a p p r o x i m a t e l y  1 0  
t o t a l  b i t s  f o r  a m i s s i o n  o f  about  680 d a y s .  The a v e r a g e  data  
g e n e r a t i o n  r a t e  f o r  a b o u t  540 days  a f t e r  p l a n e t a r y  e n c o u n t e r  i s  
a p p r o x i m a t e l y  2 Mb/s. Peak data  g e n e r a t i o n  r a t e s  c a n  be as 
h i g h  as 5 x lo1' bits /sec.* 
remote  s e n s i n g  and meteoro logy  m i s s i o n  is  d e t a i l e d  i n  Table  6. 
The estimated t o t a l  of a p p r o x i m a t e l y  1015 b i t s  i s  s e n s i t i v e  t o  
t h e  a s s u m p t i o n s  made. 
b i t s ,  can  be estimated ( f r o m  t h e  i n f o r m a t i o n  g i v e n  i n  T a b l e  7 )  
for a n  ear th  o r b i t a l  as t ronomy m i s s i o n .  Average data  g e n e r a -  
t i o n  r a t e s ,  assuming one year m i s s i o n s ,  are 20-30 Mb/s - about 
t h e  r a t e  of compacted and  d i g i t i z e d  commercial  q u a l i t y  TV. 
Peak  ra tes  w i l l  b e  no greater  t h a n  t h e  peak  ra te  f o r  t h e  f l y b y  
m i s s i o n .  

An estimate f o r  a n  e a r t h  o r b i t a l  

1 4  A similar r a n g e ,  3 x 1013 - 8 x 10 

Non-photographic  data from e x p e r i m e n t s  w i l l  be  small 
compared t o  t h e  above numbers for b o t h  t y p e s  o f  advanced  m i s -  
s i o n s .  Peak g e n e r a t i o n  r a t e s ,  l i s t e d  i n  T a b l e  6 and shown o n  
F i g u r e  6 ,  w i l l  be  on t h e  o r d e r  o f  50 - 100 Kb/s, w i t h  a v e r a g e  
ra tes  a t  l e a s t  a n  o r d e r  of magnitude lower .  

S / C  s y s t e m s  data i s  estimated t o  peak  a t  50 - 100  
Kb/s d u r i n g  p e r i o d s  o f  s i m u l t a n e o u s  c o n f i d e n c e  t e s t i n g  o f  a l l  
s y s t e m s . + *  Average system m o n i t o r i n g  rates s h o u l d  b e  much 
l o w e r ,  i n  t h e  5 - 1 0  Kb/s r ange .  

S t a n d a r d  crew s t a t u s  measurements  ( a s  opposed  t o  b i o -  
l o g i c a l  and b e h a v i o r a l  e x p e r i m e n t s )  can  p r o d u c e  as much as 20 
Kb/s per crew member if high  q u a l i t y  r e s p i r a t i o n ,  b l o o d  pres- 
s u r e ,  EKG, and EEG measurements are t a k e n  s i m u l t a n e o u s l y .  **  
However, these  measurements  would b e  t a k e n  for o n l y  a s h o r t  ( 5  
m i n u t e )  p e r i o d  e a c h  d a y ,  i f  t h a t  o f t e n ,  and  p r o b a b l y  f o r  one  
man a t  a time. I f  c o m f o r t a b l e  o r  wireless body s e n s o r s  a re  
u s e d  t h e r e  c o u l d  a l s o  be  c o n t i n u o u s  m o n i t o r i n g  of body p a r a -  
m t e r s  a t  lower  sainpling r a t e s .  C r e w  s t a t u s  data  w i l l  p r o b a b l y  

*One b i t  p i c t u r e  e v e r y  two s e c o n d s  a t  p l a n e t a r y  en- 
c o u n t e r .  

* "See Appendix B f o r  t h e  d e r i v a t i o n  o f  t hese  estimates. 
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a v e r a g e  less t h a n  1 Kb/s  p e r  man. The crew w i l l  a l s o  s p o r a d i c -  
a l l y  g e n e r a t e  v o i c e  d a t a  a t  a r a t e  o f  30 Kb/s p e r  man.* 

I n  a somewhat spec ia l  c a t e g o r y  i s  TV, s i n c e  i t  c u t s  
a c r o s s  t h e  b o u n d a r i e s  o f  e x p e r i m e n t s ,  s y s t e m s ,  and  crew. It i s  
e n v i s i o n e d  t h a t  a n  ear th  o r b i t a l  m i s s i o n  would have  t h e  on- 
b o a r d  c a p a b i l i t y  t o  t r a n s m i t  and r e c e i v e  TV o f  good b u t  l ess  
t h a n  commercial  q u a l i t y  ( a p p r o x i m a t e l y  20  Mb/s).** The  down- 
l i n k  TV would be used  f o r  t h e  p u r p o s e s  o f :  showing l i v e  
expe r imen t  and m i s s i o n  o p e r a t i o n s  t o  m i s s i o n  c o n t r o l l e r s ,  
e x p e r i m e n t e r s ,  and t h e  p u b l i c ;  m o n i t o r i n g  t h e  crew and  space -  
c r a f t ;  and q u i c k  looks a t  p i c t u r e s .  Up l ink  TV would b e  u s e d  
p r i m a r i l y  f o r  e n t e r t a i n m e n t  and morale p u r p o s e s .  Both  l i n k s ,  
however ,  need  o n l y  be  used  s p o r a d i c a l l y .  O t h e r  data  s e n t  
s p o r a d i c a l l y  from e a r t h  w i l l  i n c l u d e  commands, v o i c e ,  parame- 
t e r s  f o r  g u i d a n c e  and n a v i g a t i o n  ( G & N ) ,  and new (or m o d i f i e d )  
computer  programs.  

Unmanned p r o b e s  re leased from t h e  spacec ra f t  on a Mars 
f l y b y  m i s s i o n  may t r a n s m i t  d a t a  back t o  t h e  s p a c e c r a f t  a t  ra tes  
r a n g i n g  from s e v e r a l  Kb/s t o  s e v e r a l  Mb/s. P robes  which remain 
i n  o p e r a t i o n  a f t e r  t h e  s p a c e c r a f t  passes from t h e  v i c i n i t y  o f  
Mars w i l l  t r a n s m i t  d i r e c t l y  t o  ea r th  a t  ra tes  o f  up t o  s e v e r a l  
Kb/s . ( 3 )  

Unmanned s a t e l l i t e s  or r e s u p p l y  v e h i c l e s  which may 
s u p p o r t  e a r th  o r b i t a l  m i s s i o n s  would g e n e r a t e  small  amounts o f  
s t a t u s  data .  Manned s u p p o r t  s p a c e c r a f t  s u c h  as crew t r a n s f e r  
v e h i c l e s  may g e n e r a t e  l ess  t h a n  50 Kb/s, TV e x c e p t e d .  The  
~ ~ a r i o u s  data  g e n e r a t i o n  ra tes  d i s c u s s e d  i n  t h i s  s e c t i o n  are 
summarized In Table 1. 

C .  Data Rou t ing  

1. G e n e r a l  Comments 

Data r o u t i n g  i s  more c l o s e l y  i d e n t i f i e d  w i t h  t h e  ove r -  
a l l  data  f l o w  p l a n  t h a n  w i t h  any g i v e n  p i e c e  o f  hardware. As 
s u c h ,  i t  w i l l  be i n f l u e n c e d  by a v a r i e t y  o f  s y s t e m  t r a d e o f f s  and 
c o n s t r a i n t s .  These c o n s t r a i n t s  come from t h e  need  t o  a c h i e v e  a n  
e f f e c t i v e  s y s t e m s  d e s i g n  while s a t i s f y i n g  t h e  p a r t i c u l a r  re- 
quiz-ements of d i f f e r e n t  d a t a - s o u r c e / d a t a - u s e r  c o m b i n a t i o n s .  For  
example ,  i t  i s  n e c e s s a r y  t o  a l l o c a t e  l i m i t e d  space- to-ground 
t r a n s m i s s i o n  f a c i l i t i e s  t o  competing data s o u r c e s .  T h i s  i n  t u r n  

"Assumes3KHz baseband x 2 s a m p l e s / s e c .  x 5 b i t s / s a m p l c  = 30 
K b / s .  

**See S e c t i o n  111, Communications.  



BELLCOMM, I N C .  - 6 -  

f o r c e s  t r a d e o f f s  among q u a n t i t y  of data  t r a n s m i t t e d ,  q u a l i t y  o f  
data t r a n s m i t t e d ,  and t ime de lays  i n  r e a c h i n g  u s e r s .  A d d i t i o n a l  
c o n s t r a i n t s  come from imposing i n t e r f a c e  c o n t r o l s  among t h e  
v a r i o u s  e l e m e n t s  i n  t h e  data  f low,  i n  o r d e r  t o  a c h i e v e  a modular  
d e s i g n  a d a p t a b l e  t o  v a r y i n g  i n t e r -  and i n t r a - m i s s i o n  r e q u i r e -  
ment s .  

F i g u r e  3 shows a g e n e r i c  data  f l o w  for data  g e n e r a t e d  
i n  s p a c e .  Data i s  r o u t e d  from a g i v e n  s e n s o r  t o  t h r e e  d e s t i n a -  
t i o n s  -- t h e  ea r th ,  a n  on-board d i s p l a y  s t a t i o n ,  and  a n  on-board 
c o n t r o l  e l e m e n t .  F i g u r e  4 shows a f l o w  f o r  incoming data  
r e c e i v e d  from t h e  ground.  For any g i v e n  s o u r c e ,  s e v e r a l  o r  many 
o f  t h e  l i n k s  shown i n  these  f i g u r e s  may n o t  be a p p l i c a b l e .  Note 
a l s o  t h a t  s e v e r a l  a l t e r n a t i v e  r o u t i n g s  may b e  a p p l i c a b l e  t o  a 
g i v e n  s o u r c e  and t h a t  t h e  r o u t i n g  of data  from a g i v e n  s o u r c e  
may change  d u r i n g  a m i s s i o n  as i t s  u s e r s '  r e q u i r e m e n t s  change .  
Fo r  example ,  a stream o f  e x p e r i m e n t a l  data  may b e  s e n t  t o  ea r th  
i n  n e a r - r e a l  t i m e  u n t i l  t h e  e x p e r i m e n t e r  i s  conv inced  t h a t  h i s  
e x p e r i m e n t  i s  working  p r o p e r l y .  The rest o f  t h e  e x p e r i m e n t  d a t a  
may t h e n  b e  s t o r e d  f o r  t r a n s m i s s i o n  a t  a l a t e r  and  more conven- 
i e n t  t i m e .  

B e f o r e  c o n s i d e r i n g  t h e  r o u t i n g  a l t e r n a t i v e s  f o r  d i f -  
f e r e n t  t y p e s  o f  d a t a ,  it i s  u s e f u l  t o  make a d i v i s i o n  of  data 
b y  " r e s p o n s e  t i m e " ,  i . e . ,  t h e  maximum d e l a y  which can be t o l e r -  
a ted  between t h e  time a datum i s  g e n e r a t e d  t o  t h e  t i m e  i t  must  
b e  r e c e i v e d  by  a u s e r  ( s u c h  as a p r i n c i p a l  i n v e s t i g a t o r ,  
m i s s i o n  c o n t r o l l e r ,  or a s t r o n a u t )  i n  o r d e r  f o r  h im t o  i n i t i a t e  
a t i m e l y  r e s p o n s e .  

Class I data  w i l l  b e  t h o s e  data  which r e q u i r e  r e a l  or 
n e a r - r e a l  t i m e  r e s p o n s e s ,  s a y ,  s e c o n d s  or minutes .*  
Examples might  be  da t a  needed by an  e x p e r t  on t h e  g round  
t o  c o n t r o l  a n  expe r imen t  o r  c l o s e l y  m o n i t o r  a h a z a r d o u s  
s i t u a t i o n .  P i c t u r e s  s e n t  t o  g i v e  t h e  p u b l i c  a " l i v e "  view 
o f  some s p a c e  a c t i v i t y  would a l s o  be  i n  t h i s  c a t e g o r y .  

Class I1 hata  w i l l  c o v e r  t h e  m i d d l e  ground between Classes 
I and 111. It w i l l  r e f e r  t o  data which must be p r o c e s s e d  
d u r i n g  t h e  m i s s i o n  b u t  n e i t h e r  i n  n e a r - r e a l  t ime n o r  v e r y  
l o n g  a f t e r  c o l l e c t i o n ,  i . e . ,  data r e q u i r i n g  a r e s p o n s e  i n  
t h e  h o u r s  t o  weeks r a n g e .  An example of Class I1 data  
would be  e x p e r i m e n t  da ta  which must b e  p r o c e s s e d  i n  time t o  
i n f l u e n c e  l a t e r  e x p e r i m e n t  t r i a l s  i n  t h e  same m i s s i o n .  

An i m p o r t a n t  s u b c l a s s  w i t h i n  Class I1 c o n s i s t s  o f  t h o s e  
data which ,  t hough  n o t  of r e a l  t i m e  urgen-cy, c a n n o t  be 
n h y s i c a l l y  t r a n s p o r t e d  t o  t h e i r  u s e r s  w i t h i n  t h e i r  r equ i r ed  

*Note t h a t  on a Mars f l y b y  m i s s i o n  t h e  one-way communicat ion t i m e  
t o  E a r t h  may r a n g e  up t o  t h i r t y  m i n u t e s .  Some Class I data might  
t h e r e f o r e  have  t o  be  p r o c e s s e d  on  b o a r d  t h e  s p a c e c r I a f t .  
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r e s p o n s e  t imes.  These d a t a  w i l l  have t o  b e  t r a n s m i t t e d ,  
and may b e  a f a c t o r  i n  s i z i n g  communicat ions s y s t e m s  and 
measu r ing  t h e i r  c o s t - e f f e c t i v e n e s s .  

Class I11 data w i l l  b e  t h o s e  da t a  which do n o t  r e q u i r e  
a n a l y s i s  for l o n g  p e r i o d s  o f  t ime, s a y  months or years .  
An example would b e  data c o l l e c t e d  from a n  e x p e r i m e n t  
whose a n a l y s i s  i s  o f  l o n g  term s c i e n t i f i c  i n t e r e s t  r a t h e r  
t h a n  n e c e s s a r y  f o r  m i s s i o n  o p e r a t i o n s  o r  p l a n n i n g  i n  t h e  
immediate f u t u r e .  

N a t u r a l l y ,  eve ryone  wants  h i s  da ta  as soon  as p o s s i -  
b l e .  These c l a s s  d i s t i n b t i o n s  are needed  o n l y  when a l l  da ta  
canno t  b e  q u i c k l y  r e t u r n e d  f o r  economic or t e c h n i c a l  r e a s o n s .  

2 .  Data R o u t i n g  A l t e r n a t i v e s  

Exper imen t s  Da ta -Pho tograph ic  - A s  n o t e d  i n  Sub- 
s e c t i o n  A ,  t h e  l a r g e s t  amount o f  e x p e r i m e n t  da ta  w i l l  be c o l -  
l e c t e d  i n  p h o t o g r a p h i c  form. P h o t o g r a p h i c  da ta  c o l l e c t i o n  has 
many a d v a n t a g e s ,  n o t  t h e  least  o f  which i s  h i g h l y  e f f i c i e n t  
s t o r a g e  o f  l a r g e  q u a n t i t i e s  of data .  The ma jo r  a l t e r n a t i v e s  
f o r  g e t t i n g  these compact b u t  v e r y  l a r g e  q u a n t i t i e s  o f  data 
down t o  ear th  a re :  

Manned r e c o v e r y  o f  hard copy - exposed  f i l m  i s  accumula t ed  
and r e t u r n e d  t o  ea r th  w i t h  crew members a t  m i s s i o n  comple- 
t i o n  or w i t h  r e t u r n i n g  c r e w - t r a n s f e r  or l o g i s t i c s  v e h i c l e s .  

Unmanned r e c o v e r y  of hard  copy - exposed  f i l m  i s  accumu- 
la ted and d e - o r b i t e d  i n  an unmanned data  d e l i v e r y  s y s t e m  
(small  r e e n t r y  c a p s u l e s )  a t  a ra te  g o v e r n e d  by  t h e  r a t e  of  
data g e n e r a t i o n ,  t h e  a v a i l a b i l i t y  o f  d e l i v e r y  v e h i c l e s ,  
and t h e  t i m e  c r i t i c a l i t y  of t h e  data.  T h i s  method i s  
f eas ib l e  o n l y  f o r  low ear th  o r b i t a l  m i s s i o n s .  

High q u a l i t y ,  f ac s imi l e - l i ke  t r a n s m i s s i o n  - s e l e c t e d  por-  
t i o n s  of  p r o c e s s e d  f i l m  a r e  e l e c t r o n i c a l l y  s c a n n e d .  The 
encoded i n f o r m a t i o n  i s  t r a n s m i t t e d  t o  ear th  and  decoded  t o  
p roduce  a h igh  f i d e l i t y  r e p l i c a .  The t r a d e - o f f s  i n  t h i s  
p r o c e s s  are  between t o t a l  t r a n s m i s s i o n  t i m e  and  bandwidth ,  
and between f i d e l i t y  o f  t h e  r e p r o d u c e d  image and  t h e  time- 
bandwidth  p r o d u c t .  

TV q u a l i t y  t r a n s m i s s i o n  - many e x p e r i m e n t  r e q u i r e m e n t s  may 
b e  s a t i s f i e d  b y  TV-qual i ty  p i c t u r e  t r a n s m i s s i o n ,  g i v e n  
t h a t  t h e  o r i g i n a l  data i s  e v e n t u a l l y  r e c o v e r e d .  T h i s  a l t e r -  
n a t i v e  i s  a t t r a c t i v e  when good q u a l i t y  down-link TV i s  
r e q u i r e d  for o t h e r  pu rposes  as w e l l .  
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O the r  t r a d e o f f s  a s s o c i a t e d  w i t h  p i c t u r e  data  t r a n s -  
m i s s i o n  i n v o l v e  t h e  u s e  of data compress ion  t e c h n i q u e s .  I n  
many cases it may be p o s s i b l e  t o  t ake  a d v a n t a g e  o f  t h e  c h a r -  
a c t e r i s t i c s  of  t h e  human v i s u a l  c h a n n e l  and compress  t h e  i n f o r -  
ma t ion  c o n t e n t  of p i c t u r e  d a t a  t o  match t h e  o b s e r v e r .  Fo r  some 
e x p e r i m e n t s ,  however,  t h e  i n f o r m a t i o n  l o s s  r e s u l t i n g  f rom com- 
p r e s s i o n  may n o t  be  t o l e r a b l e .  (Data compress ion  i s  t r ea t ed  
f u r t h e r  i n  S u b - s e c t i o n  F. ) 

The v a r i o u s  a l t e r n a t i v e s  for r e c o v e r y  o f  p i c t u r e  da t a  
a re  summarized by t h e  example  i n  T a b l e  2 .  It i s  c l e a r  t h a t  t h e  
v a r i o u s  schemes are i n  many r e s p e c t s  complementary;  i t  i s  t h u s  
no t  u n r e a s o n a b l e  t o  e x p e c t  some mix t o  b e  i n c l u d e d  i n  any g i v e n  
m i s s i o n .  T h i s  i s  p a r t i c u l a r l y  t r u e  when one c o n s i d e r s  t h e  
l i k e l y  t i m e  r e s p o n s e s  needed f o r  p i c t u r e  da t a :  a few Class I 
p h o t o s  f o r  p u b l i c  i n t e r e s t ,  s c i e n t i f i c  e x a m i n a t i o n ,  and  for 
checkou t  o f  p h o t o g r a p h i c  equipment ;  a s i z a b l e  sample o f  a l l  
p h o t o s  (1 /10  - 1 / 4 )  Class I1 data ;  t h e  rest Class 111. 

Exper imen t s  Data - Non-Photographic - The c o n t r o l  and 
r e s p o n s e  t i m e  r e q u i r e m e n t s  o f  e a c h  expe r imen t  w i l l  l a r g e l y  de- 
t e r m i n e  whether t h e  da t a  are r o u t e d  t o  on-board s t o r a g e  and  
p r o c e s s o r  e l e m e n t s  or d i r e c t l y  t o  t h e  ground.  Class I data ,  
by d e f i n i t i o n ,  r e q u i r e s  r e a l  t i m e  r o u t i n g  t o  ground or space 
p r o c e s s o r s .  The data management s y s t e m  must p r o v i d e  s u f f i c i e n t  
c a p a c i t y  t o  h a n d l e  t h i s  f l ow.  Class I1 and Class I11 data  can  
b e  b u f f e r e d  and t r a n s m i t t e d  as a f r a c t i o n  ( <  2 0 % )  o f  t h e  h i g h  
c a p a c i t y  l i n k  needed f o r  t r a n s m i s s i o n  o f  p i c t u r e  data.  Alter-  
n a t i v e l y ,  t h e  l i n k  can  be t ime-sha red  by  t h e  non-pho tograph ic  
data which are s t o r e d  and t h e n  dumped p e r i o d i c a l l y  a t  h igh  
ra tes  f o r  s h o r t  i n t e r v a l s .  

Data from Remote Exper imen t s  - Data r o u t i n g  a l t e r n a -  
t i v e s  f o r  r emote  e x p e r i m e n t s ,  s u c h  as t h o s e  on  p l a n e t a r y  p r o b e s  
l a u n c h e d  from a f l y b y  m i s s i o n  S/C, i n c l u d e  d i r e c t  t r a n s m i s s i o n  
t o  e a r t h  or t h e  u s e  o f  t h e  manned S / C  o r  unmanned s a t e l l i t e s  as 
re lays .  The l a t t e r  o p t i o n  i n t r o d u c e s  t h e  p o s s i b i l i t y  o f  h a v i n g  
a m u l t i p l e  data s o u r c e  ( m u l t i p l e x e d )  i n p u t  t o  t h e  on-board da t a  
s y s t e m .  It may be r e q u i r e d  t o  d e m u l t i p l e x  t h i s  data stream t o  
N U ~ C  data from d i f f e r e n t  s o u r c e s  i n  d i f f e r e n t  manners .  Simi- 
l a r  c o n s i d e r a t i o n s  app ly  t o  s y s t e m s  data from remote  p r o b e s  and 
unmanned s a t e l l i t e s .  Remote e x p e r i m e n t s  which c o l l e c t  photo-  
g r a p h i c  data  r e q u i r e  e i t h e r  high c a p a c i t y  c h a n n e l s ,  l o n g  t r a n s -  
m i s s i o n  t imes ,  or f i l m  r e t r i e v a l  by  EVA. 

-n..t 6 

S p a c e c r a f t  S y s t e m s  Data - Systems da ta ,  p a r t i c u l a r l y  
t h o s e  which a f f ec t  crew safety and  m i s s i o n  s u c c e s s ,  must b e  
r o u t e d  t o  on-board a n d / o r  ground checkou t  s t a t i o n s  ( p r o c e s s o r s ) .  
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Some of  t h e  data w i l l  r e q u i r e  rea l  or n e a r - r e a l  t ime p r o c e s s  
i n g .  Having a n  on-board au tomated  checkou t  s y s t e m  w i l l  c a u s e  
a much g rea t e r  p e r c e n t a g e  o f  t h e  da ta  t o  b e  r o u t e d  t h r o u g h  on- 
b o a r d  p r o c e s s o r s  t h a n  i s  p r e s e n t  l y  done .  

Some s y s t e m s  data w i l l  b e  needed  f o r  t h e  i n t e r p r e t a -  
t i o n  o f  expe r imen t  da ta .  For example,  c a b i n  t e m p e r a t u r e ,  
p r e s s u r e s ,  and g - f o r c e s  w i l l  b e  needed  f o r  b i o m e d i c a l  e x p e r i -  
m e n t s ,  t h e  t r a j e c t o r y  and  a t t i t u d e  o f  t h e  s p a c e c r a f t  f o r  many 
o t h e r s .  T h i s  i s  n o t h i n g  new -- it  j u s t  means t a k i n g  c a r e  t o  
r o u t e  t h i s  da ta  t o  e x p e r i m e n t e r s  on t h e  ground a l o n g  w i t h  t i m -  
i n g  i n f o r m a t i o n .  It a l so  means e n s u r i n g  t h a t  t h e  n e c e s s a r y  
s y s t e m s  data i s  n o t  a c c i d e n t a l l y  d i s c a r d e d  b e c a u s e  i t  i s  no 
l o n g e r  i n t e r e s t i n g  f o r  f l i g h t  o p e r a t i o n s .  

Class I e x p e r i m e n t s  may r e q u i r e  some s y s t e m s  data  t o  
b e  t r a n s m i t t e d  and r o u t e d  as Class I which would n o t  o r d i n a r i l y  
b e  t r ea t ed  as s u c h  f o r  f l i g h t  o p e r a t i o n s .  Again,  t h i s  s h o u l d  
c r e a t e  no s e r i o u s  problems as l o n g  as o p e r a t i o n a l  and  e x p e r i -  
m e n t a l  p e r s o n n e l  communicate e f f e c t i v e l y  d u r i n g  m i s s i o n  p l a n -  
n i n g  and real  time o p e r a t i o n s .  

C r e w  Data - C r e w  and o p e r a t i o n s  data  which are n o t  
h a n d l e d  as e i t h e r  e x p e r i m e n t s  o r  S / C  s y s t e m s  da t a  w i l l  b e  
s a t i s f i e d  by v o i c e  communicat ions,  e i t h e r  i n  rea l  t i m e  o r  
s t o r e d  and s u b s e q u e n t l y  forwarded .  Fo r  c e r t a i n  e x p e r i m e n t s ,  
crew o b s e r v a t i o n s  w i l l  b e  s i g n i f i c a n t .  Means must b e  p r o v i d e d  
f o r  r o u t i n g  them on t h e  ground a l o n g  w i t h  p r ime  e x p e r i m e n t  
data .  

D. Data S t o r a g e  

A s  shown i n  F i g u r e s  3 and  4 ,  data s t o r a g e  e l e m e n t s  
are  u s e d  a t  many p o i n t s  i n  t h e  r o u t i n g  o f  data from s o u r c e s  t o  
u s e r s .  There are f o u r  ma jo r  f u n c t i o n a l  s t o r a g e  r e q u i r e m e n t s  
and a v a r i e t y  o f  media t o  meet them. 

1. Requ i remen t s  

Photography and Imaging - T T l  u L b L a - v i o l e t ,  t -_ v i s i b l e ,  
i n f r a - r e d  and microwave r e g i o n s  o f  t h e  s p e c t r u m  w i l l  b e  u t i l i z e d  
t o  r e c o r d  v e r y  large amounts o f  data on f i l m .  O b s e r v a t i o n s  o f  
Mars and t h e  Sun d u r i n g  a manned Mars f l y b y  m i s s i o n  are  e x p e c t e d  
t o  p r o d u c e  s e v e r a l  hundred  l b s .  o f  p i c t u r e s .  P h o t o g r a p h i c  ex- 
p e r i m e n t s  from an  o r b i t i n g  r e s e a r c h  l a b o r a t o r y  may r e q u i r e  2 ,000*  
l b s .  o f  f i l m  i n  a year  f o r  o b s e r v a t i o n s  o f  t h e  U n i t e d  S t a t e s .  An 

*See T a b l e  6 f o r  a breakdown of t h i s  number. 
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o r b i t i n g  a s t r o n o m i c a l  o b s e r v a t o r y  may u s e  1 - 10* l b s .  o f  f i l m  
d a i l y .  These estimates do not  t ake  i n t o  a c c o u n t  t h e  p o s s i b i l i t y  
t h a t  mot ion  p i c t u r e s  may p rove  d e s i r a b l e .  

S t o r a g e  o f  t hese  q u a n t i t i e s  o f  f i l m  w i l l  r e q u i r e  a 
t e m p e r a t u r e - c o n t r o l l e d  f a c i l i t y  s imi la r  t o  a l a r g e  r e f r i g e r a t o r ,  
p e r h a p s  w i t h  some r a d i a t i o n  s h i e l d i n g .  F i l m  would be s t o r e d  i n  
c o n t i n u o u s  rolls, e x c e p t  for c a r t r i d g e s  o f  i n d i v i d u a l  n e g a t i v e s  
and g l a s s  p la tes  needed f o r  s p e c i a l  a p p l i c a t i o n s .  With t h e  
p o s s i b l e  e x c e p t i o n  o f  f i l m  s e l e c t e d  f o r  q u i c k  r e t u r n  t o  e a r t h  
v i a  unmanned c a p s u l e s ,  t h e  f i l m  would be deve loped  arid k e p t  on 
b o a r d  u n t i l  t h e  S / C  r e t u r n s  t o  ea r th  or i s  r e s u p p l i e d .  

Non-Photographic  Data - N o r m a l l y ,  c o n t i n u o u s  r e c o r d i n g  
w i l l  be  r e q u i r e d  f o r  b u f f e r i n g  and  s t o r a g e  o f  s y s t e m s  and crew 
data .  O c c a s i o n a l  c o n f i d e n c e  t e s t i n g  o f  a l l  s y s t e m s  w i l l  r e q u i r e  
t h i s  s t o r a g e  s y s t e m  t o  b e  d e s i g n e d  t o  a b s o r b  r e l a t i v e l y  h i g h  
( a b o u t  1 0 0  Kb/ s )  i n p u t  ra tes ,  though  r a t e s  w i l l  o r d i n a r i l y  be a n  
o r d e r  o f  magni tude  l o w e r .  A combina t ion  o f  c o n t i n u o u s  and  i n -  
c r e m e n t a l  r e c o r d i n g  w i l l  s a t i s f y  t h e  e x p e r i m e n t a l  da ta  r e q u i r e -  
ments .  S p e c i a l  (non-common) s to rage  may b e  needed  f o r  p a r t i c u l a r  
i n s t r u m e n t s  or i n s t r u m e n t  g r o u p s .  

T r a n s m i t t e d  Data - S t o r a g e  w i l l  b e  r e q u i r e d  f o r  some 
up- and  some down-link t r a n s m i s s i o n s .  C o n s i d e r i n g  u p - l i n k s ,  t h e  
Mars f l y b y  S/C would r e c o r d  d a t a  r e c e i v e d  from i t s  p r o b e s  p r i o r  
t o  r e l a y i n g  t h e  da ta  t o  ear th .  Command and c o n t r o l  up -da ta  
( p e r h a p s  c o n t a i n i n g  new o r  r e v i s e d  computer  programs)  would 
r e q u i r e  moderate t o  h i g h  speed  ( >  1 0 0  Kb/ s )  b u f f e r  s t o r a g e  i n  
t h e  S / C .  M u l t i p l e ,  h i g h  speed  t e l e m e t r y  t r a n s m i s s i o n s  from 
these  p r o b e s  w i l l  r e q u i r e  h i g h  i n p u t  r a t e  ( 3  - 30 Mb/s) l a rge  
c a p a c i t y  (1011+1 b i t s )  b u f f e r  s t o r a g e  a t  t h e  S / C .  C e r t a i n  TV 
t r a n s m i s s i o n s  from e a r t h  might  b e  r e c o r d e d  f o r  any o f  s e v e r a l  
f a c t o r s .  For example,  a l l  a s t r o n a u t s  conce rned  may n o t  b e  
a v a i l a b l e  a t  a g i v e n  t r a n s m i s s i o n .  A l t e r n a t i v e l y ,  t r a n s m i s s i o n  
t i m e  may be l o n g e r  t h a n  v iewing  t i m e  b e c a u s e  o f  some m i s s i o n  
bandwid th  c o n s t r a i n t  or because  o f  t i m e - s h a r i n g  a c h a n n e l  w i t h  
o t h e r  s p a c e c r a f t .  Record ing  o f  TV would r e q u i r e  v i d e o  band- 
w i d t h  r e c o r d e r s .  F o r  t h e  Mars f l y b y  m i s s i o n  t h e s e  r e c o r d e r s  
c o u l d  be  t h e  same as t h o s e  used  f o r  p r o b e  da ta .  

C o n s i d e r i n g  t h e  down-link t o  e a r t h ,  n o n - p i c t u r e  data  
g e n e r a t e d  on b o a r d  t h e  s p a c e c r a f t  and da ta  b e i n g  fo rwarded  from 
p r o b e s  w i l l  r e q u i r e  temporary s t o r a g e  f o r  some p e r i o d  a f t e r  
t r a n s m i s s i o n ,  u n t i l  t h e i r  c o r r e c t  r e c e p t i o n  i s  v e r i f i e d .  ( P i c -  
t u r e  data  can  s i m p l y  be r e s c a n n e d  -- no e l e c t r o m a g n e t i c  s t o r a g e  
i s  n e e d e d . )  A d d i t i o n a l l y ,  c r i t i c a l  o p e r a t i o n a l  d a t a  g i v i n g  t h e  

*A rough e s t i m a t e  d e r i v e d  from T a b l e  7 ,  assuming t h e  u s e  
o f  35 mm. f i l m  and t h e  f i l m  d e n s i t y  g i v e n  i n  Appendix A .  
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immediate p r e v i o u s  h i s t o r y  o f  t h e  S/C 's  t o t a l  pe r fo rmance  must 
b e  s aved  f o r  post-mortem t r a n s m i s s i o n  i n  t h e  e v e n t  of a disas- 
t e r ,  i f  t h i s  da ta  i s  n o t  c o n t i n u a l l y  t r a n s m i t t e d .  

D i g i t a l  Computer Needs - The d i g i t a l  computer  s y s t e m  
used  a b o a r d  e i t h e r  a Mars or an e a r t h  o r b i t a l  s p a c e c r a f t  w i l l  
h ave  r e q u i r e m e n t s  f o r :  (1) i n t e r n a l  h i g h  s p e e d  erasable  s t o r -  
a g e ,  ( 2 )  i n t e r n a l  h i g h  speed n o n - e r a s a b l e  s t o r a g e ,  and  ( 3 )  
modera t e  t o  h i g h  speed p e r i p h e r a l  b u l k  s t o r a g e .  The f i rs t  and  
second  t y p e s  a re  r e q u i r e d  f o r  e x e c u t i n g  computer  programs for 
o p e r a t i o n a l  and g e n e r a l  da t a  p r o c e s s i n g  f u n c t i o n s ,  and may b e  on 
t h e  o r d e r  of 5 - 1 0  t i m e s  t h a t  a v a i l a b l e  i n  t h e  Apollo Guidance  
Computer. The t h i r d  t y p e  o f  s t o r a g e  w i l l  b e  r e q u i r e d  for t h e  
s t o r a g e  o f  less f r e q u e n t l y  used p r o g r a m s , ( e . g . ,  d i a g n o s t i c s ,  
crew t r a i n i n g  and s i m u l a t i o n s ,  s p e c i a l  e x p e r i m e n t s ) ,  t a b l e s  
( m a t h e m a t i c a l  and p e r h a p s  e p h e m e r i s ) ,  and l i s t s  ( a l p h a n u m e r i c ) .  
E s t i m a t e s  f o r  t h i s  and o t h e r  b u l k  s t o r a g e  r e q u i r e m e n t s  are  
g i v e n  i n  T a b l e  3. 

2 .  P o t e n t i a l  Media 

F i l m  ( u l t r a - v i o l e t ,  v i s i b l e ,  and i n f r a - r e d )  has no  
s e r i o u s  c o m p e t i t o r  f o r  s t o r i n g  p i c t u r e s ,  a l t h o u g h  t h e  d i e l e c t r i c  
t ape  camera may p rove  u s e f u l  for s p e c i a l  modera t e  r e s o l u t i o n  
a p p l i c a t i o n s .  

E x c e l l e n t  h i g h  speed  e ra sab le  and  n o n - e r a s a b l e  memory 
s y s t e m s  e x i s t  now and w i l l  undoub ted ly  c o n t i n u e  t o  b e  improved.  
Hence, r e q u i r e m e n t s  for these  c o u l d  r e a d i l y  b e  met t h r o u g h  t o -  
d a y ' s  magne t i c  c o r e  t e c h n o l o g y .  

S t o r a g e  media p o t e n t i a l l y  a v a i l a b l e  f o r  b u l k  da ta  
s t o r a g e  are l i s t e d  i n  T a b l e  4, a l o n g  w i t h  some o f  t h e i r  t e c h n i -  
c a l  c h a r a c t e r i s t i c s ,  ( c a p a c i t y ,  i n p u t  r a t e ,  c o n t i n u o u s  i n p u t  
c a p a c i t y ,  e t c . ) .  These c h a r a c t e r i s t i c s  c a n  b e  u s e d  t o  de te r -  
mine which media meet t h e  r e q u i r e m e n t s  of T a b l e  3. The r e s u l t s  
of s u c h  a s c r e e n i n g  a re  shown i n  T a b l e  5.  Having i d e n t i f i e d  
t h e  media  w i t h  t h e  n e c e s s a r y  c a p a b i l i t y ,  one  can  t h e n  r a n k  them 
a c c o r d i n g  t o  r e l i a b i l i t y ,  c o s t ,  w e i g h t ,  volume and o t h e r  fea- 
t n r e s ,  ~ 5 t h  w h a t e v e r  emphasis is most a p p r o p r i a t e  t o  the  
m i s s i o n .  

Although t h e  da t a  i n  T a b l e s  3-5 i s  p r e l i m i n a r y  and  
s u b j e c t  t o  change ,  t h e  p r i n c i p a l  c o n c l u s i o n  o n e  can  draw a t  
t h i s  t i m e  i s  t h a t  t a p e  r e c o r d e r s  ( v i d e o ,  d i g i t a l ,  e t c . )  c u r r e n -  
t l y  a v a i l a b l e  or b e i n g  developed  c o u l d  h a n d l e  a n t i c i p a t e d  b u l k  
and t r a n s m i t t e d  d a t a  s t o r a g e  r e q u i r e m e n t s  s a t l s f a c t o r i l y ,  a l -  
t h o u g h  i n c r e a s e d  r e l i a b i l i t y  i n  a i r b o r n e  m a g n e t i c  t ape  sys t ems  
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a p p e a r s  mandatory .  O t h e r  p r o m i s i n g  media ( l a s e r / p l a s t i c  t ape ;  
e l e c t r o n  b e a m / f i l m )  on t h e  h o r i z o n  s h o u l d  n o t  b e  o v e r l o o k e d ,  
however ,  s i n c e  t h e i r  b u l k  p o t e n t i a l  and da ta  t r a n s f e r  r a t e s  a re  
r a t h e r  phenomenal.  

E .  Data P rocess ine :  and C o n t r o l  

The p r o c e s s i n g  o f  on-board da t a  may b e  t h o u g h t  o f  as 
c o n s i s t i n g  o f  " lower"  and " h i g h e r "  o r d e r  t asks .  The l o w e r  
o r d e r  t a sks  i n c l u d e  t h e  u s u a l  t h i n g s  s u c h  as s i g n a l  c o n d i t i o n -  
i n g ,  m u l t i p l e x i n g ,  and f o r m a t t i n g .  They p r e p a r e  da t a  for 
s u b s e q u e n t  s t e p s  i n  t h e  d a t a  f l o w .  The h i g h e r  o r d e r  tasks  i n -  
c l u d e  t h e  r e d u c t i o n  o f  data t o  i n f o r m a t i o n  and  t h e  a n a l y s i s  o f  
t h i s  i n f o r m a t i o n  b y  men and machines .  These  tasks  may l e a d  t o  
dec i s ion -mak ing  and c o n t r o l  a c t i o n s .  

T e c h n o l o g i c a l  advances  and t h e  i n c r e a s e d  c o m p l e x i t y  
of  advanced  m i s s i o n s  w i l l  l e a d  t o  t h e  u s e  o f  more h i g h e r  o r d e r  
p r o c e s s i n g  t h a n  on Apo l lo  and Apo l lo  A p p l i c a t i o n s  m i s s i o n s .  
I n  a d d i t i o n  t o  p r e s e n t  d a y  f u n c t i o n s  s u c h  as g u i d a n c e ,  nav iga -  
t i o n ,  and a t t i t u d e  c o n t r o l ,  t h e  on-board da ta  p r o c e s s i n g  and  
c o n t r o l  s y s t e m  w i l l  a l l o w :  (1) m o n i t o r i n g ,  c o n f i d e n c e  t e s t i n g ,  
and d i a g n o s t i c  t e s t i n g  o f  s p a c e c r a f t  s y s t e m s  and  e x p e r i m e n t s ;  
( 2 )  i n f l i g h t  crew t r a i n i n g  w i t h  s i m u l a t i o n s ;  ( 3 )  c o n t r o l  o f  and 
d a t a  management f o r  e x p e r i m e n t s ;  (4) i n t e g r a t e d ,  computer-  
d r i v e n  d i s p l a y s  for f l i g h t  and expe r imen t  o p e r a t i o n s ;  ( 5 )  gu id -  
a n c e  and n a v i g a t i o n  o f  unmanned probes  l a u n c h e d  from t h e  mother  
c r a f t  and ( 6 )  data  compress ion .  F u n c t i o n s  1-5 were d e s c r i b e d  
more f u l l y  i n  a p r e v i o u s  f u n c t i o n  6 ,  d a t a  com- 
p r e s s i o n ,  i s  d i s c u s s e d  i n  S u b - s e c t i o n  F. It s h o u l d  be  n o t e d  
t h a t  a l l  o f  t h e s e  f u n c t i o n s  w i l l  have man i n  t h e  l o o p  as ove r -  
s e e r ,  a n a l y s t ,  dec i s ion -maker  and /o r  c o n t r o l l e r .  

Both t h e  h i g h e r  and lower  o r d e r s  o f  p r o c e s s i n g  w i l l  
have  t o  b e  h i g h l y  f l e x i b l e  t o  cope w i t h  t h e  c h a n g i n g  demands o f  
e x p e r i m e n t s  spread o v e r  t h e  e n t i r e  s p e c t r u m  o f  s c i e n c e .  E x p e r i -  
m e n t a l  r e q u i r e m e n t s  w i l l  change from m i s s i o n  t o  m i s s i o n .  They 
w i l l  change d u r i n g  t h e  p l a n n i n g  s t a g e s  o f  a m i s s i o n ; a n d  r i g h t  
down t o  l a t e  p r e - l a u n c h  a c t i v i t i e s .  They w i l l  change  i n  f l i g h t ,  
as t h e  m i s s i o n  moves t h r o u g h  v a r i o u s  phases (Mars f l y b y :  l i f t -  
o f f ,  assembly  and c h e c k o u t ,  e n  r o u t e ,  e n c o u n t e r ,  p o s t - e n c o u n t e r ,  
e t c . )  and as e a r l y  d a t a  are o b t a i n e d  and  a n a l y z e d .  On l o n g  
d u r a t i o n  e a r t h  o r b i t a l  m i s s i o n s  p o r t i o n s  o f  t h e  e x p e r i m e n t a l  
equipment  may even  be w h o l l y  r e p l a c e d  by  o t h e r s  b r o u g h t  up from 
ea r th .  

The need  f o r  a h i g h  degree o f  f l e x i b i l i t y  has a d i r e c t  
b e a r i n g  on t h e  mat ter  o f  how c e n t r a l i z e d  or d e c e n t r a l i z e d  t h e  
s p a c e b o r n e  p r o c e s s i n g  and c o n t r o l  f u n c t i o n s  s h o u l d  b e .  Both 
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a p p r o a c h e s  p r o v i d e  c e r t a i n  f e a t u r e s  o f  f l e x i b i l i t y  ( a n d  a l s o  
r e l i a b i l i t y )  and t h e s e  d i f f e r  a p p r e c i a b l y .  C e n t r a l i z a t i o n  
g e n e r a l l y  i m p l i e s  g r e a t  f l e x i b i l i t y  i n  t h e  s o f t w a r e ,  l i t t l e  i n  
t h e  hardware. D e c e n t r a l i z a t i o n  g e n e r a l l y  t e n d s  t o w a r d  t h e  
o p p o s i t e .  The p r o p e r  b a l a n c e  has n o t  been  e a s i l y  i d e n t i f i e d  
i n  t h e  p a s t ,  i f  one j u d g e s  from e x p e r i e n c e  w i t h  computers  i n  
a i r c r a f t .  ( 5 )  
t i o n  d e s e r v e s  much more a t t e n t i o n  t h a n  i t  has r e c e i v e d  i n  t h e  
l i t e r a t u r e  t h u s  f a r .  

The q u e s t i o n  o f  c e n t r a l i z a t i o n  v s .  d e c e n t r a l i z a -  

F.  Data Compression 

1. Manual 

One o f  t h e  s t r o n g e s t  c a s e s  f o r  t h e  p r e s e n c e  o f  man on 
advanced ,  s c i e n t i f i c a l l y  o r i e n t e d  s p a c e  m i s s i o n s  i s  h i s  a b i l i t y  
t o  g e n e r a l i z e ,  and a d a p t  t o  t h e  u n e x p e c t e d .  Even w i t h  t h e  
r a p i d  growth  o f  computer  t e c h n o l o g y ,  i t  w i l l  b e  a l o n g  t i m e  be- 
f o r e  a u t o m a t a  approach  t h e  power o f  man w i t h  r e s p e c t  t o  h i g h  
l e v e l  i n f o r m a t i o n  p r o c e s s i n g .  I n  c o n s i d e r i n g  t h e  r o l e  o f  data  
compress ion  i n  t h e  o v e r a l l  d a t a  management s y s t e m ,  t h e  impor- 
t a n c e  and s i g n i f i c a n c e  o f  man s h o u l d  t h e r e f o r e  b e  emphas ized ,  
and  t h e  s y s t e m  d e s i g n e d  t o  e x p l o i t  h i s  c a p a b i l i t i e s .  T h e  scope  
o f  man ' s  data compress ion  a c t i v i t i e s  can  r a n g e  f rom t h e  re la -  
t i v e l y  s i m p l e  t a s k  o f  i n f o r m a t i o n  s e l e c t i o n  ( e . g . ,  which 
p i c t u r e s  o r  p a r t s  o f  p i c t u r e s  s h o u l d  b e  t r a n s m i t t e d  t o  e a r t h )  
t o  t h e  complex p r o c e s s e s  o f  i n t e r p r e t i n g  and  g e n e r a l i z i n g  on 
e x p e r i m e n t a l  r e s u l t s ,  and communicat ing such  i n f o r m a t i o n  t o  
ear th-based i n v e s t i g a t o r s .  

However, t h e  u s e  o f  man as i n f o r m a t i o n  p r o c e s s o r  and  
data compresso r  w i l l  n o t  come w i t h o u t  c o s t s  or c o n s t r a i n t s .  To 
f u n c t i o n  a t  a h i g h  l e v e l  h e  must have  good d i s p l a y s ,  e a s y  a c c e s s  
t o  e x p e r i m e n t a l  and a u x i l i a r y  da t a ,  and  t h e  a b i l i t y  t o  p r o c e s s  
da t a  w i t h  t h e  computer  sys t em.  The  man can  b e  s a t u r a t e d ,  t o o ,  
e v e n  w i t h  a t a sk  such  as s e l e c t i n g  p i c t u r e s  for t r a n s m i s s i o n .  
For example ,  i t  i s  es t imated (6) t h a t  s c a n n i n g  one  o f  t h e  Lunar  
O r b i t e r ' s  h i g h  r e s o l u t i o n  p i c t u r e s  f o r  new or u n u s u a l  f e a t u r e s  
t a k e s  a. trained. observer f i v e  t o  t h i r t y  m i n u t e s ,  The  par t .h  
o r b i t a l  m i s s i o n  ( e a r t h  r e s o u r c e s  and  m e t e o r o l o g y )  d i s c u s s e d  i n  
S u b - s e c t i o n  G i s  e s t i m a t e d  t o  p roduce  t h e  " e q u i v a l e n t " *  o f  550 

*Assuming b i t s  o f  p h o t o g r a p h i c  o u t p u t  f rom t h e  E a r t h  
R e s o u r c e s  and Meteorology E a r t h  O r b i t a l  M i s s i o n ,  t h e  number o f  
" e q u i v a l e n t "  p i c t u r e s ,  i . e . ,  t h o s e  w i t h  5 x lo9 b i t s  ( a b o u t  t h e  
c o n t e n t  of  a Lunar  O r b i t e r  h i g h  r e s o l u t i o n  p i c t u r e )  i s  

5 = 2 . 0  x 1 0  p i c t u r e s .  I f  t h e  m i s s i o n  t o o k  one  y e a r ,  lo1* 
5 109 
t h e  a v e r a g e  number o f  e q u i v a l e n t  p i c t u r e s  p e r  day i s  - 

2*03t lo' 2 550 p i c t u r e s  p e r  day.  5 
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Lunar  O r b i t e r  p i c t u r e s  p e r  day,  Assuming f i v e  m i n u t e s  as t h e  
o b s e r v e r  t ime p e r  p i c t u r e  and r e f e r r i n g  t o  F i g u r e  5,  i t  would 
t a k e  a b o u t  45 man-hours p e r  day or abou t  s i x t y - f i v e  p e r c e n t  o f  
t h e  working  man-hours a v a i l a b l e  f rom a n i n e  man crew working  
e i g h t  h o u r s  p e r  day! It  can  b e  i n f e r r e d  from t h e s e  numbers 
t h a t  we canno t  p l a c e  a l l  o f  t h e  data  r e d u c t i o n  bu rden  on t h e  
a s t r o n a u t s .  

2. Aut omat ed 

I n  t h e  c o n v e n t i o n a l  s e n s e ,  da t a  compress ion  o p e r a -  
t i o n s  may be c l a s s i f i e d  ( 7 )  as e i t h e r  e n t r o p y  r e d u c i n g  ( E R ) ,  
accompanied by  an i r r e v e r s i b l e  l o s s  o f  i n f o r m a t i o n ,  or i n f o r -  
m a t i o n  p r e s e r v i n g  ( I P ) ,  r e q u i r i n g  a p r i o r i  knowledge o f  t h e  
s t a t i s t i c s  of t h e  da t a  s o u r c e .  Common examples  o f  ER t r a n s -  
f o r m a t i o n s  o c c u r  i n  speech  and p i c t u r e  da t a  compress ion ,  where 
t h e  r e q u i r e m e n t s  o f  t h e  human r e c e i v e r  can  b e  e x p l o i t e d  t o  
r e d u c e  i n f o r m a t i o n  t r a n s m i s s i o n  r a t e s  w h i l e  m a i n t a i n i n g  a c c e p t -  
ab l e  f i d e l i t y .  Analog s i g n a l  c o n d i t i o n i n g  o p e r a t i o n s  ( s u c h  as 
t h e  u s e  o f  a low p a s s  f i l t e r  p r i o r  t o  s a m p l i n g )  p r o v i d e  a d d i -  
t i o n a l  examples  of ER t r a n s f o r m a t i o n s .  I P  ( a l s o  c a l l e d  e x a c t  
c o d i n g )  t r a n s f o r m a t i o n s  have r e c e i v e d  much a t t e n t i o n  as i n f o r -  
m a t i o n  t h e o r y  has deve loped .  I n  p i c t u r e  p r o c e s s i n g  a p p l i c a t i o n s ,  
such  I P  t e c h n i q u e s  as r u n  l e n g t h  c o d i n g ,  d e l t a  m o d u l a t i o n ,  
p r e d i c t i v e  c o d i n g ,  e t c .  have been  used  t o  r e d u c e  bandwidth  re- 
q u i r e m e n t s .  A l l  s uch  schemes seek t o  e x p l o i t  t h e  n a t u r a l  
s t a t i s t i c a l  c o n s t r a i n t s  of t h e  p i c t u r e  da t a .  Compression r a t i o s  
i n  t h e  r a n g e  2-5 have been a c h i e v e d .  ( 8 )  

The re  a re  s e v e r a l  immediate problems a s s o c i a t e d  w i t h  
a p p l y i n g  e i t h e r  ER or I P  d a t a  compress ion  t e c h n i q u e s  t o  advanced  
s c i e n t i f i c  s p a c e  m i s s i o n s .  The  u s e  o f  a n  ER t r a n s f o r m a t i o n  on 
an e x p e r i m e n t a l  da t a  s o u r c e ,  p a r t i c u l a r l y  where t h e  expe r imen t  
or i t s  envi ronment  are  n o v e l ,  i m p l i e s  t h e  r i s k  o f  l o s i n g  s i g n i -  
f i c a n t  i n f o r m a t i o n  n o t  o r i g i n a l l y  a n t i c i p a t e d .  With I P  t r a n s -  
f o r m a t i o n s ,  t h e  amount o f  compress ion  depends  on t h e  a p r i o r i  
knowledge o f  t h e  s o u r c e  s t a t i s t i c s .  I n  a m i s s i o n  d e s i g n e d  t o  
s u r v e y  t h e  s u r f a c e  of Mars or Venus, f o r  example,  s u c h  know- 
l e d g e  i s  quT.te l i m i t e d .  

Some e x p e r i m e n t s ,  however,  may p r o v i d e  data  f o r  which 
i t  i s  a p p r o p r i a t e  t o  c o n s i d e r  compress ion  t e c h n i q u e s .  For 
example ,  s t e l l a r  s t a r  s u r v e y s  and  s p e c t r u m  a n a l y s e s  s h o u l d  p ro -  
duce  r e s u l t s  s imilar  t o  t h e i r  ear th-based c o u n t e r p a r t s .  The 
m a j o r  problem i n  compress ing  t h e  data from s u c h  s o u r c e s  l i e s  i n  
a d a p t i n g  t h e  data  t r a n s f o r m a t i o n  p r o c e d u r e  t o  t h e  p a r t i c u l a r  
r e q u i r e m e n t s  of  e a c h  s o u r c e - u s e r  c o m b i n a t i o n  and i n  m e e t i n g  
chang ing  r e q u i r e m e n t s  a s  e x p e r i m e n t s  a re  m o d i f i e d  o v e r  t h e  
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c o u r s e  o f  t h e  m i s s i o n .  One a l t e r n a t i v e  w o r t h  c o n s i d e r i n g  for 
t h i s  t a sk  i s  t h e  u s e  of an on-board programmable computer  which 
can  a l t e r  compress ion  o p e r a t i o n s  by programmed commands. 

The i m p o r t a n c e  o f  p i c t u r e  da ta  s u g g e s t s  t h a t  i n  some 
i n s t a n c e s  it w i l l  be  u s e f u l  t o  c o n s i d e r  a s i m p l e  form o f  ER 
compress ion ,  s u c h  as rough sampl ing  and  q u a n t i z a t i o n ,  or low 
r e s o l u t i o n  TV s c a n n i n g .  Th i s  might  s u f f i c e  f o r  q u i c k - l o o k s  on 
t h e  g round ,  g i v e n  t h a t  t h e  o r i g i n a l  data  i s  e v e n t u a l l y  re-  
cove red .  

I n  g e n e r a l ,  d a t a  compress ion  i s  more n a t u r a l l y  s u i t e d  
t o  s p a c e c r a f t  s y s t e m s  d a t a  t h a n  t o  e x p e r i m e n t  da ta .  S y s t e m s  
data  s o u r c e s  w i l l  be  l e s s  v a r i a b l e  and h a n d l i n g  r e q u i r e m e n t s  
b e t t e r  s p e c i f i e d .  I n  a d d i t i o n ,  s i n c e  on-board m o n i t o r i n g  of 
s y s t e m s  data i s  a n t i c i p a t e d ,  ground r e q u i r e m e n t s  may b e  r e l a x e d  
t o  c o n s i d e r i n g  o n l y  c r i t i c a l  items t o g e t h e r  w i t h  h i g h l y  r e d u c e d  
summaries of t h e  b u l k  of sys tems da ta .  Adap t ive  systems are  
p o t e n t i a l  c a n d i d a t e s  f o r  m u l t i p l e x i n g  s y s t e m s  data s i n c e  a low 
data  r a t e  i s  g e n e r a l l y  i n d i c a t i v e  of p r o p e r  o p e r a t i o n .  By 
a d j u s t i n g  sampl ing  r a t e s  t o  s o u r c e  a c t i v i t y ,  an  a d a p t i v e  s y s t e m  
can  s e r v e  a number of s o u r c e s  a t  a r e d u c e d  o v e r a l l  t r a n s m i s s i o n  
r a t e ,  g i v e n  t h a t  t h e  p r o b a b i l i t y  o f  d i f f e r e n t  s o u r c e s  b e i n g  
h i g h l y  a c t i v e  c o n c u r r e n t l y  i s  low. 

U n f o r t u n a t e l y ,  t h e  wel l  known s o u r c e s  -- i . e . ,  space -  
c r a f t  s y s t e m s  -- w i l l  g e n e r a t e  o n l y  a small p a r t  of t h e  data  
stream. The d e s i g n  c o n s t r a i n t s  on communicat ions s y s t e m s  w i l l  
d e t e r m i n e  whe the r  or n o t  "a l i t t l e "  compress ion  i s  w o r t h w h i l e .  
It may b e  ea s i e r  t o  i n c r e a s e b a n d w i d t h  s l i g h t l y  t h a n  t o  b o t h e r  
compress ing  o n l y  a f r a c t i o n  of t h e  da ta .  More r e s e a r c h  i s  
needed  f o r  t e c h n i q u e s  a p p l i c a b l e  t o  t h e  b u l k  o f  t h e  data  stream, 
t h a t  i s ,  p h o t o g r a p h i c  d a t a .  

But j u s t  as i m p o r t a n t  and t o o  n e g l e c t e d  i s  t h e  need  
for b e t t e r  s t a t i s t i c s  and u n d e r s t a n d i n g  of how p h o t o g r a p h i c  
data  a re  used ,  what r e s o l u t i o n s  are needed  and  e x a c t l y  what 
s t eps  and t ime p e r i o d s  e x p e r i m e n t e r s  t ake  i n  a n a l y z i n g  a pho to -  
g r a p h .  I n  a d d i t i o n  t o  improving  t h e  a p p l i c a t i o n  o f  f o r m a l  
compressim t e c h n i q u e s  t h i s  i n f ' o rma t fo i i  b y  itself' c o u l d  p r o b a b i y  
h e l p  r e d u c e  t h e  number of b i t s  c o l l e c t e d  and t r a n s m i t t e d .  F o r  
example ,  r e d u c i n g  a r e s o l u t i o n  estimate from i n c r e a s e d  under -  
s t a n d i n g  by a f a c t o r  of 2 w i l l  r e d u c e  t h e  number o f  b i t s  t r a n s -  
m i t t e d  by a f a c t o r  of  4 .  Examining a map-making p r o c e s s  may 
a l l o w  r e d u c t i o n  o f  t h e  t r a n s m i s s i o n  r a t e  t o  match t h e  u s a g e  o f  
t h a t  p r o c e s s .  

To sum up,  f o r m a l  d a t a  compress ion  i s  s t i l l  a d o u b t f u l  
s t a r t e r  for advanced  manned m i s s i o n s .  
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G .  Data Flow Example - E a r t h  Resources  and  Meteoro logy  O r b i t a l  
M i s s i o n  

We s h a l l  c o n s i d e r  h e r e  a p o s s i b l e  s p a c e b o r n e  f l o w  
which u s e s  a h y p o t h e t i c a l  e a r th  o r b i t a l  m i s s i o n  as a n  example.  
The m i s s i o n  i s  based upon i d e a s  a l r e a d y  g e n e r a t e d  e i t h e r  by 
NASA or by NASA-directed s t u d i e s .  ( g 9 1 0 3 1 1 )  
m a r i l y  as b e i n g  g e n e r i c  and i s  n o t  meant t o  be  t a k e n  as a 
recommendat ion f o r  a s p e c i f i c  m i s s i o n .  

It i s  s e l e c t e d  p r i -  

The m i s s i o n  u t i l i z e s  a manned ear th  o r b i t a l  s p a c e  
s t a t i o n  as a means t o  accompl i sh  t h e  f o l l o w i n g  o b j e c t i v e s :  t o  
p rove  o u t  remot e s e n s i n g  i n s t r u m e n t  a t  i o n ,  t o  d e v e l o p  remot  e 
s e n s i n g  t e c h n i q u e s ,  and t o  s u p p l y  new and  i m p o r t a n t  s c i e n t i f i c  
i n f o r m a t i o n  t o  government a g e n c i e s  conce rned  w i t h  ea r th  s c i e n -  
c e s ,  e a r th  r e s o u r c e s ,  and  m e t e o r o l o g y .  The p r i n c i p a l  area o f  
ea r th  i n v e s t i g a t i o n  i s  assumed t o  b e  t h e  U . S . A .  and  i t s  adja- 
c e n t  waters. Among t h e  i n i t i a l  a s s u m p t i o n s  were t h e  f o l l o w i n g :  
50° o r b i t a l  i n c l i n a t i o n ;  200 NM a l t i t u d e ;  f l e x i b l e  m i s s i o n  
d u r a t i o n ,  6-18 months;  and crew s i z e  o f  6-9. 

c i p a l  s e n s o r  package  i s  assumed t o  c o n s i s t  o f  f o u r  g r o u p s  o f  
equipment :  a p h o t o g r a p h i c  s e n s o r  g roup ,  a n  i n f r a - r e d  s e n s o r  
g r o u p ;  a microwave s e n s o r  group;  and a v i s i b l e  l i g h t  s e n s o r  
g r o u p .  C e r t a i n  a n c i l l a r y  equipments  a re  a l s o  assumed. The  
i n s t r u m e n t s  g r o u p s  are l i s t e d  i n  T a b l e  6 .  A s  shown, e x p e r i m e n t s  
t y p i c a l l y  i n v o l v e  s e v e r a l  s e n s o r s  t a k e n  from among t h e  f o u r  
g r o u p s  ment ioned .  There i s  a v e r y  h i g h  d e g r e e  o f  common s e n s o r  
u s a g e  among t h e  v a r i o u s  e x p e r i m e n t s .  T h i s  d o e s  n o t  imply t h a t  
t a r g e t i n g  o b j e c t i v e s  are  n e c e s s a r i l y  common; i n  t h e  m a j o r i t y  o f  
c a s e s  t h e y  are n o t .  E x p e r i m e n t s  are  assumed t o  b e  pe r fo rmed  a t  
o p p o r t u n e  times i n  t h e  m i s s i o n  when t a r g e t i n g  o b j e c t i v e s  c o i n -  
c i d e  w i t h  t h e  S/C's ground t r a c k .  A s  a n  i n i t i a l  g o a l ,  e a c h  
expe r imen t  i s  assumed t o  be per formed i n d e p e n d e n t l y  of t h e  o t h e r s ,  
t hough  o c c a s i o n a l l y  b o t h  i n s t r u m e n t a t i o n  and  t a r g e t i n g  may have  
b road  areas o f  o v e r l a p .  

Us ing  as a f o u n d a t i o n  t h e  IBM-ORL s t u d y ,  t h e  p r i n -  

The ea r th  areas o f  i n t e r e s t  c o i n c i d e  w i t h  t h e  Sic's 
ground t r a c k  f o r  p o r t i o n s  o f  r o u g h l y  6 o r b i t s  p e r  d a y ,  To 
p r o v i d e  a basis  f o r  p i c t u r e  c a l c u l a t i o n s ,  a n  a v e r a g e  g round  t r a c k  
o f  1 , 0 0 0  mi les  p e r  expe r imen t  t r i a l  was assumed,  g i v i n g  a p r i m a r y  
s e n s o r  u s a g e  t i m e  p e r  expe r imen t  t r i a l  i n  t h e  3-5 m i n u t e  r a n g e .  

T a b l e  6 a l s o  summarizes data  g e n e r a t i o n  es t imates  f o r  
t h e  m i s s i o n .  Data or f i l m  ra tes  a re  shown a s s o c i a t e d  w i t h  each  
s e n s o r .  Number o f  e x p e r i m e n t s  t r i a l s ,  data  ra tes ,  f i l m  u s a g e  
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r a t e s ,  t o t a l  l b s .  o f  f i l m  p e r  e x p e r i m e n t ,  t h e  a s s o c i a t e d  b i t s  
f o r  t hese  p i c t u r e s ,  and t o t a l  p h o t o g r a p h i c  b i t s  a re  l i s t e d  
b e n e a t h  e a c h  expe r imen t  column. The  a s s u m p t i o n s  u s e d  i n  gene-  
r a t i n g  t h e s e  numbers are g i v e n  i n  Appendix A .  The p r i n c i p a l  
i t e m s  t o  be  n o t e d  i n  T a b l e  6 a r e  t h a t  t h e  es t imated  f i l m  we igh t  
f o r  t h e  nominal  m i s s i o n  i s  a p p r o x i m a t e l y  2 , 0 0 0  l b s ,  and  t h e  
es t imated  i n f o r m a t i o n  g e n e r a t e d  by p e r f o r m i n g  a l l  e x p e r i m e n t s  
t h e  d e s i r e d  number o f  t r i a l s  i s  a p p r o x i m a t e l y  b i t s .  Con- 
s i d e r e d  o v e r  a one y e a r  time span ,  t h e  a v e r a g e  da t a  g e n e r a t i o n  
r a t e  i s  a p p r o x i m a t e l y  28 Mb/s. P h o t o g r a p h i c  da t a  u t t e r l y  swamps 
a l l  o t h e r  data i n  t h e s e  e s t i m a t e s .  

A d i ag ram o f  a spaceborne  da ta  f low f o r  t h i s  m i s s i o n  
i s  shown on F i g u r e  6 .  Except  f o r  t h e  expe r imen t  s e n s o r s ,  t h e  
boxes  g e n e r a l l y  r e p r e s e n t  f u n c t i o n s  r a t h e r  t h a n  hardware. Some 
o f  t hese  f u n c t i o n s  s u c h  as data r o u t i n g  and  p r o c e s s i n g ,  or 
checkou t  and  c o n t r o l ,  may u l t i m a t e l y  be  d i s t r i b u t e d  r a the r  t h a n  
c e n t r a l i z e d  as t h e y  a r e  shown. The t r a d e o f f s  must await f u r -  
t h e r  d e f i n i t i o n s  o f  t h e  m i s s i o n .  

The da t a  r a t e s  a s s o c i a t e d  w i t h  a r rows  t o  and  from 
boxes  on F i g u r e  6 a r e  t h e  peak r a t e s  p o s s i b l e ,  n o t  r e p r e s e n t a -  
t i v e  a v e r a g e  r a t e s .  The numbers shown, p a r t i c u l a r l y  t h e  f i l m  
usage  r a t e s ,  have been  rounded o f f  and s o  do n o t  c o r r e s p o n d  
p r e c i s e l y  t o  t h o s e  o f  T a b l e  6 .  

H .  Data Flow Example - O r b i t a l  Astronomy M i s s i o n  

The second  d a t a  flow example assumes  a manned e a r t h  
o r b i t a l  m i s s i o n  d e s i g n e d  t o  s u p p o r t  a b road  as t ronomy program 
as o u t l i n e d  i n  Refe rence  9 .  B a s i c  m i s s i o n  c h a r a c t e r i s t i c s  i n -  
c l u d e :  low o r b i t a l  i n c l i n a t i o n ;  200  NM a l t i t u d e ;  m i s s i o n  du ra -  
t i o n  from 2 - 5  y e a r s ;  and crew s i z e  o f  6-9. The assumed comple- 
ment o f  a s t r o n o m i c a l  i n s t r u m e n t s ,  t a k e n  from t h e  N A S A  Space 
S t a t i o n  s t u d y ,  (’*) a re  l i s t e d  i n  T a b l e  7 .  The g o a l s  o f  t h e  
as t ronomy program r e q u i r e  o b s e r v a t i o n  t h r o u g h o u t  t h e  e l e c t r o -  
m a g n e t i c  spec t rum from t h e  x- and  gamma-ray r e g i o n  t o  t h e  r a d i o  
r e g i o n .  The i n s t r u m e n t  g roup  c o n s i d e r e d  c o v e r s  t h i s  s p e c t r a l  
rar,gc and  i s  +-’-- bdnt.n as a r e p r e s e n t a t i v e  s e t .  T h e  da t a  r a t e s  a n a  
d a i l y  da ta  volumes p r e s e n t e d  i n  T a b l e  7 are  es t imates  o f  what 
t y p i c a l  e x p e r i m e n t s  ( s u p p o r t e d  by  t h e  v a r i o u s  i n s t r u m e n t s )  
might  p r o d u c e .  No a t t e m p t  has been  made t o  a l l o c a t e  crew o r  
i n s t r u m e n t  t ime t o  d e t a i l e d  o b s e r v a t i o n a l  g o a l s  a t  t h i s  p r e l i m -  
a r y  s t a g e .  A rough a c t i v i t y  breakdown, based on ground 
o b s e r v a t o r y  e x p e r i e n c e  ( * )  i n d i c a t e s  a g r o s s  work l o a d  d i v i s i o n  
as f o l l o w s :  s p e c t r o s c o p y  - 50%;  pho tomet ry  - 35%;  a n d  photo-  
g r a p h y  - 15%; t h i s  has been t a c i t l y  assumed t o  b e  v a l i d  f o r  t h e  
s p a c e  o b s e r v a t o r y .  F u r t h e r  m i s s i o n  a s s u m p t i o n s  a r e  d i s c u s s e d  
i n  Appendix C .  
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The b u l k  o f  t h e  data  g e n e r a t e d  by a n  as t ronomy m i s s i o n  
w i l l  b e  r e c o r d e d  on p h o t o g r a p h i c  media. Assuming t h a t  f i l m  
s u p p l y  i s  n o t  a l i m i t i n g  f a c t o r ,  and t a k i n g  an  u p p e r  bound 
( a s suming  a l l  i n s t r u m e n t s  a r e  o p e r a t e d  c o n c u r r e n t l y ) ,  t h e  m i s -  
s i o n  c o u l d  g e n e r a t e  up t o  a p p r o x i m a t e l y  3 x 10l2 b i t s / d a y ,  

e q u i v a l e n t  t o  a b o u t  1015 b i t s / y e a r  or an  a v e r a g e  o f  a b o u t  30 
Mb/s. The b u l k  o f  t h i s  d a t a  r e s u l t s  f rom s o l a r  o b s e r v a t i o n s ,  
where l i g h t  a v a i l a b i l i t y  and a c q u i s i t i o n  a re  n o t  l i m i t i n g  f a c -  
t o r s .  The data r a t e s  and volumes a re  v e r y  s e n s i t i v e  t o  b o t h  
t h e  o b s e r v a t i o n a l  d u r a t i o n s  and e q u i v a l e n t  b i t  c o n t e n t  assumed 
f o r  p i c t u r e s  and s p e c t r a .  A s  t h e s e  i n  t u r n  w i l l  be  d i r e c t l y  . 
dependen t  on f a c t o r s  n o t  c o n s i d e r e d  i n  d e t a i l ,  s u c h  as t h e  
o p t i c a l  c h a r a c t e r i s t i c s  o f  t h e  i n s t r u m e n t s ,  f i l m  c h a r a c t e r i s -  
t i c s ,  d e t a i l e d  expe r imen t  r e q u i r e m e n t s ,  e t c . ,  i t  i s  c l e a r  t h e y  
a r e  s i g n i f i c a n t  o n l y  t o  w i t h i n  a few o r d e r s  o f  magn i tude .  

The p o t e n t i a l  s i g n i f i c a n c e  o f  s o l a r  o b s e r v a t i o n s  on  
data  l o a d s  can  b e  a p p r e c i a t e d  by c o n s i d e r i n g  t h a t  s o l a r  p a t r o l  
pho tography  w i t h  3-6 exposures  o f  t h e  e n t i r e  d i s k  p e r  m i n u t e ,  
f o r  l o n g  d u r a t i o n s ,  i s  o f  s c i e n t i f i c  v a l u e .  I n  a d d i t i o n ,  s u c h  
phenomena as s p o t s ,  f l a r e s ,  and prominences  e x h i b i t  time 
f l u c t u a t i o n s  which may w a r r a n t  even  more r a p i d  e x p o s u r e  r a t e s .  
A s  a n  example,  c o n s i d e r  t a k i n g  t h e  e q u i v a l e n t  o f  a h i g h  r e s o -  
l u t i o n  p i c t u r e  (lolo b i t s )  o f  t h e  s o l a r  d i s k  e v e r y  2 s e c o n d s  
f o r  1 2  h o u r s  d a i l y .  T h i s  r e su l t s  i n  a d a i l y  volume o f  abou t  
2 x b i t s ,  o r  abou t  2 0 , 0 0 0  p i c t u r e s .  For such  expe r imen ta -  
t i o n ,  da ta  h a n d l i n g  c o n s i d e r a t i o n s  ( l o g i s t i c s ,  t r a n s m i s s i o n ,  
crew work l o a d ,  e t c . ) ,  n o t  i n s t r u m e n t  c h a r a c t e r i s t i c s ,  a r e  
c o n s t r a i n i n g .  

A t  t h e  l e v e l  c o n s i d e r e d ,  t h e  da ta  f low diagram f o r  
t h e  p r e v i o u s  m i s s i o n  ( F i g u r e  6 )  i s  g e n e r a l - l y  a p p l i c a b l e  t o  t h e  
as t ronomy m i s s i o n  w i t h  a change i n  p r ime  s e n s o r s ,  and hence  i s  
n o t  r e p e a t e d .  An e x c e p t i o n  would o c c u r  i f  t h e  as t ronomy 
m i s s i o n  r e q u i r e d  t h e  u s e  of d e t a c h e d  modules  such  as a 
t e t h e r e d  t e l e s c o p e  f o r  example.  Assuming t h e  a v a i l a b i l i t y  o f  
a hardwire  data c o n n e c t i o n  t h i s  would n o t  b e  a s i g n i f i c a n t  
p e r t u r b a t i e n  t o  t h e  data f low d iag ram a t  t h e  l e v e l  b e i n g  con- 
s i d e r e d  here ,  though  EVA would p r o b a b l y  t h e n  b e  needed  f o r  f i l m  
r e t r i e v a l .  

I .  Data Flow ExamDle - Mars Flvbv M i s s i o n  

The t h i r d  data  f low example i s  based  upon t h e  Mars 
f l y b y  m i s s i o n  d e s c r i b e d  i n  R e f e r e n c e  3. The g r o s s  da ta  f low 
t o  E a r t h  a t  t h e  t i m e  o f  p l a n e t a r y  e n c o u n t e r  i s  shown i n  F i g u r e  
7 .  The most n o v e l  f e a t u r e  i s  t h e  p r o f u s i o n  o f  p r o b e s  re leased  
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from the spacecraft near encounter. Initially, the probes 
transmit directly to the manned spacecraft. Options include 
landed probe-to-orbiter-to-manned module communications and 
orbiter-to-landed probe to manned module. Several days after 
encounter the landed probes and the orbiter commence broad- 
casting directly to Earth. The data rates shown in Figure 7 
were taken from References 3 and 13 and are the maximum 
(or range of) rates expected near encounter. 

The data flow within the manned module might resemble 
to a large extent that within the earth orbital spacecraft of 
Sub-sections G and H. Some of the major differences would be: 

1. 

2. 

3 .  

4 .  

5.  

Receivers for probe data. Data rates from various 
probes may vary over  four orders of magnitude. 

Two big spacecraft antennas,to be able to receive 
and transmit to probes and Earth simultaneously-- 
also for redundancy. 

At various times during encounter there may be more 
than one probe transmitting (or at least capable of 
transmitting) to the manned module. The reception 
of more than one signal simultaneously, using time 
or frequency division multiplexing, may be needed 
to maximize data return. 

The onboard communications system will have to 
compensate for the increasing distance from Earth 
as the mission progresses. This may be done by 
decreasing the bandwidth and transmission rate in 
a series of steps. 

Transmission will be to one of three fixed 
Deep Space Network (DSN) sites. 

111. COMMUNICATIONS 

There are two types of missions described in 
Section 11: 1) the planetary, or deep space missions, and 
2) the low altitude orbital, or near-earth mission. Both 
are characterized by the collection of very large quanti- 
ties of data which must be transmitted or delivered to the 
ground and then distributed to various users. 
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G e n e r a l l y ,  one  would a t tempt  t o  maximize b o t h  t h e  
t r a n s m i s s i o n  ra tes  and t h e  t o t a l  number o f  b i t s  t r a n s m i t t e d  
from t hese  m i s s i o n s .  Th i s  would a l l o w  e a r l y  r e t u r n  o f  i n f o r -  
m a t i o n  and minimize  l o s s e s  i n  c a s e  o f  a c a t a s t r o p h e .  The 
a t t e m p t  t o  o p t i m i z e  ra tes  and  q u a n t i t i e s  i s  c o n s t r a i n e d ,  how- 
e v e r ,  by f a c t o r s  such  as economics and  r e l i a b i l i t y .  The need  
t o  h o l d  de l ays  i n  r o u t i n g  d a t a  ( t o  ground u s e r s )  down t o  
t o l e r a b l e  l i m i t s  w i l l  p l a c e  a l o w e r  bound on t h e  t r a n s m i s s i o n  
r a t e s .  F u r t h e r ,  t h e  c h o i c e  of  a p a r t i c u l a r  communicat ions 
s y s t e m  w i l l  be  d e t e r m i n e d  l a r g e l y  by  t h e  s t r a t egy  chosen  f o r  
h a n d l i n g  p i c t u r e  data ,  s i n c e  t h e y  compr ise  o v e r  90% o f  t h e  
t o t a l  da ta  from b o t h  t y p e s  of m i s s i o n s .  

For t h e  Mars f l y b y  m i s s i o n ,  one would l i k e  t o  s e n d  
back  r e a l  t ime TV p i c t u r e s  o f  Mars a t  t h e  t ime o f  p l a n e t a r y  
e n c o u n t e r .  T h i s  must be s l i g h t l y  compromised. S t u d i e s  w i t h i n  
Bellcomm have shown t h a t  i t  would b e  f e a s i b l e  t o  have a 1 Mb/s 
downl ink  a v a i l a b l e  a t  e n c o u n t e r . *  T r a n s m i s s i o n  o f  s e v e r a l  
c o m m e r c i a l - q u a l i t y  TV p i c t u r e s  p e r  minu te  or one h i g h  r e s o l u t i o n  
p i c t u r e  ( t a k e n  t h r o u g h  a 4 0 "  t e l e s c o p e )  p e r  day  would b e  a v a i l -  
a b l e  f o r  more t h a n  90% o f  t h e  m i s s i o n ,  a l l o w i n g  a t  l e a s t  h a l f  
and p o s s i b l y  a l l  o f  t h e  data t o  b e  t r a n s m i t t e d  t o  e a r t h  b e f o r e  
t h e  S / C  r e e n t e r s .  Up-l ink c a p a c i t y  would b e  a t  l eas t  as l a r g e  
as t h e  downl ink  c a p a c i t y ,  and p r o b a b l y  larger .  

T r a n s m i s s i o n s  from such  a p l a n e t a r y  m i s s i o n  would b e  
made d i r e c t l y  t o  one  of  three D S N  s i t e s .  Con t inuous  communica- 
t i o n s  would b e  p o s s i b l e  abou t  90% o f  t h e  t ime,  t h e  e x c e p t i o n  
b e i n g  p e r i o d s  when t h e  s u n  l i e s  between spacecraf t  and ea r th ,  
or when t h e  s p a c e c r a f t  passes beh ind  a p l a n e t .  If more t h a n  
1 0 0  Kb/s a re  t o  b e  fo rwarded  i n  r e a l  t i m e ,  t h i s  w i l l  r e q u i r e  
t h e  u s e  o f  communication s a t e l l i t e s  as ground-a i r -ground 
r e l a y s .  S a t e l l i t e  r e l a y s  w i l l  p r o b a b l y  p r o v e  desirable  
for l o w e r  r e a l  t i m e  r a t e s  a s  w e l l .  The  b u l k  o f  a l l  da ta  
w u l d  b e  s t o r e d  a t  t h e  DSN f a c i l i t y  and p h y s i c a l l y  fo rwarded  
a t  a l a t e r  t ime.  

For n e a r - e a r t h  m i s s i o n s ,  some f r a c t i o n  o f  t h e  p i c t u r e  
da ta  ( t h o s e  i n  Classes I o r  11) must be r e t u r n e d  t o  e a r t h  be- 
fore t h e  end o f  t h e  m i s s i o n .  A s  d i s c u s s e d  i n  S u b - s e c t i o n  II-C, 
t h i s  may b e  a c h i e v e d  by t e l e m e t r y ,  p h y s i c a l  r e t u r n  b y  manned or 

6 
*See Ref .  1 4 .  It shows t h a t  1 0  b i t s / s e c  a t  e n c o u n t e r  can  

b e  a c h i e v e d  u s i n g  a 20-30 f t  a n t e n n a  on b o a r d  t h e  s p a c e c r a f t ,  
363-145 watts t r a n s m i t t e d  o u t p u t  power,  and a 210 f o o t  D S N  
a n t e n n a  on e a r t h .  
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unmanned s p a c e c r a f t ,  or some combina t ion  t h e r e o f .  It would a l s o  
b e  d e s i r a b l e  t o  be ab le  t o  t r a n s m i t  c o m m e r c i a l - q u a l i t y  TV a t  
s p o r a d i c  i n t e r v a l s ,  b o t h  up t o  and down from t h e  S/C. 

A s  a f i rs t  a p p r o x i m a t i o n ,  t h e  c o n s i d e r a t i o n s  above 
may be t r a n s l a t e d  i n t o  a r e q u i r e m e n t  f o r  a downl ink  c a p a c i t y  i n  
t h e  r a n g e  o f  1-20 Mb/s. The lower  end o f  t h e  r a n g e  would p e r m i t  
t r a n s m i s s i o n  o f  s e v e r a l  commerc ia l -qua l i t y  TV p i c t u r e s  p e r  min- 
u t e .  About 5% o f  t h e  da t a  from a y e a r - l o n g  e a r t h  r e s o u r c e s  
m i s s i o n  c o u l d  be  r e t u r n e d  by t e l e m e t r y ,  assuming a c o n t i n u o u s  
t r a n s m i s s i o n  c a p a b i l i t y .  The 20  Mb/s end o f  t h e  r a n g e  would 
a l l o w  r e a l  t i m e ,  a l m o s t  c o m m e r c i a l - q u a l i t y  TV and  t h e  t r a n s m i s -  
s i o n  o f  n e a r l y  a l l  da t a  c o l l e c t e d  on t h a t  m i s s i o n ,  a g a i n  assum- 
i n g  c o n t i n u o u s  t r a n s m i s s i o n .  However, t o  a c h i e v e  c o n t i n u o u s  
t r a n s m i s s i o n  from S / C  t o  ground r e q u i r e d  e i t h e r  a l a r g e  number 
o f  r e c e i v i n g  s t a t i o n s  s p r e a d  o v e r  t h e  g l o b e  ( n e i t h e r  e c o n o m i c a l l y  
n o r  p o l i t i c a l l y  f e a s i b l e ) ,  a l a r g e  number o f  low-to-medium o r b i t  
communicat ion s a t e l l i t e s  ( a l s o  p r o b a b l y  uneconomica l )  o r  t h ree  
synchronous  t r a c k i n g  communicat ions s a t e l l i t e s .  R e f e r e n c e  15 
shows t h a t ,  assuming moderate  s t a t e - o f - t h e - a r t  advances  by t h e  
m i d - T O ' s , *  a synchronous  t r a c k i n g  s a t e l l i t e  for r e l a y i n g  20 Mb/s 
f rom s p a c e c r a f t  t o  s a t e l l i t e  t o  g round  would be f e a s i b l e ;  a 
comparable  u p - l i n k  i s  a l s o  f e a s i b l e .  T h i s  s y s t e m  c o u l d  p e r m i t  
a l l  data t o  be  r e l ayed  d i r e c t l y  t o  a c e n t r a l  r e c e i v i n g  s t a t i o n ,  
p e r h a p s  t h e  m i s s i o n  c o n t r o l  c e n t e r  ( M C C ) .  The  problem o f  r o u t -  
i n g  r e a l  t i m e  data  migh t  t h e n  be e l i m i n a t e d  i f  a l l  da ta  i s  t o  b e  
p r o c e s s e d  i n  t h a t  one l o c a t i o n .  I f  n o t  -- a more l i k e l y  
a s s u m p t i o n  -- f u r t h e r  r o u t i n g  c o u l d  b e  by  l a n d - l i n e s  or r e l a y  
s a t e l l i t e s .  

The two s a t e l l i t e s  f u n c t i o n s  ment ioned  above (see 
F i g u r e  8 ) ,  ground-to-ground r e l a y  and  s p a c e c r a f t - t o - g r o u n d  re- 
l a y ,  would n o t  be  pe r fo rmed  by t h e  same t y p e  o f  u n i t .  S p e c i a l  
t r a c k i n g  and power c a p a b i l i t y  a re  c l e a r l y  needed  i n  t h e  l a t t e r ,  
s i n c e  i t  must communicate w i t h  a n  o r b i t i n g  S/C and  g round  w h i l e  
o r b i t i n g  t h e  ea r th  i t s e l f .  The ground-to-ground r e l a y ,  on t h e  
o t h e r  hand ,  might  s i m p l y  be p a r t  o f  a common c a r r i e r  ne twork  
r a the r  t h a n  a N A S A  s a t e l l i t e .  

Whether ~r n o t  s a t e l l i t e s  used as s p a c e c r a f t - t o -  
g round  r e l a y s  would be  w a r r a n t e d  a g a i n s t  a l t e r n a t i v e s  such  as 
u s i n g  augmented remote  ground s t a t i o n s  w i t h  o n l y  p e r i o d i c  S/C 

*Main a s sumpt ion  - each  synchronous  s a t e l l i t e  would have a 
phased  a r ray  a n t e n n a  w i t h  38 db g a i n  ( a b o u t  e q u i v a l e n t  t o  a 15 
f t .  p a r a b o l i c  d i s h ) ,  and 20 w a t t s  o u t p u t  power t o  ear th .  
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c o v e r a g e  i s  n o t  c l e a r .  The concept  c e r t a i n l y  h a s  enough poten-  
t i a l  a d v a n t a g e s  t o  w a r r a n t  s e r i o u s  s t u d y .  O f  c o u r s e ,  a h y b r i d  
o f  t h e s e  two b a s i c  schemes w i l l  a l s o  have t o  be s t u d i e d .  

IV. FLOW OF DATA ON THE GROUND 

A .  Background 

The data  management f u n c t i o n s  on t h e  g r o u n d ,  subse -  
q u e n t  t o  t h e  l a u n c h  o f  a l o n g  d u r a t i o n  manned m i s s i o n ,  w i l l  be  
somewhat s imi la r  i n  n a t u r e  t o  t h o s e  done t o d a y  f o r  t h e  Apo l lo  
m i s s i o n .  T h e  g round  w i l l  r e c e i v e  s p a c e  v e h i c l e  (S/V) s y s t e m s  
da ta ,  b i o m e d i c a l  d a t a  from t h e  a s t r o n a u t s ,  t r a c k i n g  da ta  from 
t r a c k i n g  s i t e s ,  v o i c e  d a t a ,  and expe r imen t  d a t a .  I n  t u r n ,  da t a  
and commands w i l l  be  t r a n s m i t t e d  by v o i c e  and t e l e m e t r y  t o  t h e  
S / V ,  and  a c q u i s i t i o n  data w i l l  be  t r a n s m i t t e d  t o  t h e  t r a c k i n g  
ne twork .  These data  a r e  used  for m i s s i o n  c o n t r o l ,  expe r imen t  
c o n t r o l ,  and t h e  e v a l u a t i o n  o f  on-board s c i e n t i f i c  e x p e r i m e n t s .  

The ground f u n c t i o n s  can  b e  a c h i e v e d  o n l y  i f  a da ta  
management ne twork  e x i s t s ;  a network t h a t  can  r o u t e ,  s t o r e ,  
p r o c e s s ,  and g e n e r a t e  d a t a  as needed.  That  t h i s  ne twork  w i l l  
be  computer -based  goes  a lmos t  w i t h o u t  s a y i n g .  T h i s  i s  p r e s e n t l y  
t h e  c a s e  and w i l l  undoub ted ly  c o n t i n u e  t o  b e  so .  T h e  i n i t i a l  
q u e s t i o n  i s  whe the r  t h e  p r e s e n t  ne twork  w i l l  b e  a d e q u a t e  i n  t h e  
l i g h t  o f  t h e  i n c r e a s e d  emphasis on expe r imen t  da ta ,  h i g h e r  da t a  
r a t e s ,  i n c r e a s e d  t o t a l  d a t a ,  and t h e  more s t r i n g e n t  r e a l  t i m e  
p r o c e s s i n g  r e q u i r e m e n t s  e x p e c t e d  f o r  l o n g  d u r a t i o n  manned m i s -  
s i o n s .  And, i f  no t  a d e q u a t e ,  what changes  must b e  made i n  o r d e r  
t o  p r o d u c e  an a d e q u a t e  network.  

To answer  t h e s e  q u e s t i o n s ,  t h e  p r e s e n t  ground ne twork  
w i l l  be d e s c r i b e d ,  t h e  impact  o f  l o n g  d u r a t i o n  m i s s i o n s  w i l l  be  
d i s c u s s e d ,  and da ta  f low d iagrams for a p o s s i b l e  advanced  ground 
management network which compensates  f o r  these  i m p a c t s  w i l l  be  
p r e s e n t e d .  

B .  The P r e s e n t  Svstem 

F i g u r e  9 d e p i c t s  t h e  f l o w  o f  data i n  t h e  p r e s e n t  
Manned Space  F l i g h t  Network (MSFN). An o r b i t i n g  S /V can  send  
t e l e m e t r y  t o  remote  s i t e s  a t  ra tes  up t o  200  Kb/s .  T h i s  da t a  
i s  r e c o r d e d  i n  b u l k  a t  t h e  remote  s i t e .  S e l e c t e d  samples  o f  
t h e  data  a r e  combined w i t h  s i t e - g e n e r a t e d  t r a c k i n g  da t a  f o r  
immediate t r a n s m i s s i o n  t o  t h e  Miss ion  C o n t r o l  C e n t e r  -- Houston 
(MCC-H) . 
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The  data samples are  t r a n s m i t t e d  from a r emote  s i t e  
to a r e g i o n a l  d a t a - s w i t c h i n g  computer  v i a  2 . 4  Kb/s h a r d w i r e  
l i n e s .  The d a t a - s w i t c h i n g  computer  t r a n s m i t s  t h e  data  t o  a 
t e r m i n a l  i n  t h e  U n i t e d  States o v e r  v o i c e - g r a d e  l i n e s .  The  data  
stream i s  t h e n  s e n t  by commercial  l i n k  t o  Goddard Space  P l i g h t  
C e n t e r  (GSFC), where i t  i s  f o r m a t t e d  and fo rwarded  w i t h  da t a  
from o t h e r  remote  s i tes  t o  t h e  MCC-H v i a  microwave r e l a y  a t  
40 .8  Kb/s.  

Data r e c e i v e d  b y  MCC-H i s  r o u t e d  f i rs t  t o  t h e  Commun- 
i c a t i o n s ,  Command, and T e l e m e t r y  Sys t em (CCATS), which r e c o r d s  
t h e  data and r o u t e s  i t  t o  t h e  Real T i m e  Computer Complex ( R T C C )  
The R T C C  o p e r a t e s  on t h e  da ta ,  p r o v i d i n g  o u t p u t s  which e n a b l e  
f l i g h t  c o n t r o l l e r s  t o  d e t e r m i n e  s p a c e c r a f t  l o c a t i o n ,  b o t h  
p r e s e n t  and p r e d i c t e d ,  and m i s s i o n  s t a t u s .  Based on t h e  o u t p u t s  
o f  t h i s  p r o c e s s i n g ,  f l i g h t  c o n t r o l l e r s  i s s u e  commands to t h e  S / V  
and  a c q u i s i t i o n  data  t o  r emote  s i t e s .  These da ta  a re  t r a n s m i t -  
t e d  by r e v e r s i n g  t h e  f low d e s c r i b e d  above.  

The data  r e c o r d e d  i n  b u l k  a t  t h e  r emote  s i t e s  i s  s e n t  
t o  t h e  Data Reduc t ion  Complex ( D R C )  a t  t h e  Manned S p a c e c r a f t  
C e n t e r  ( M S C )  by a i r p l a n e .  Here t h e  da t a  are r e d u c e d  and  made 
a v a i l a b l e  f o r  s c i e n t i f i c  and e n g i n e e r i n g  e v a l u a t i o n .  

I n  t h e  l a u n c h  p h a s e ,  S/V t e l e m e t r y  and  t r a c k i n g  data 
are r e c e i v e d  a t  Kennedy S p a c e f l i g h t  C e n t e r  ( K S C )  by t h e  Apo l lo  
Launch Data Sys tem (ALDS) and t h e  C e n t r a l  I n s t r u m e n t a t i o n  F a c i l -  
i t y  ( C I F ) ,  from t h e  E a s t e r n  Test  Range ( E T R ) .  The ETR computers  
d e t e r m i n e  impact  p o i n t s ,  p r e d i c t  f l i g h t  p a t h s ,  and c a l c u l a t e  p r e -  
l i m i n a r y  o r b i t s .  The CIF computers  d r i v e  d i s p l a y s  s o  t h a t  s p a c e  
s y s t e m s  e n g i n e e r s  can  have "quick- look"  a c c e s s  t o  S/V t e l e m e t r y  
da ta .  The  ALDS f o r m a t s  a l l  data ,  and  t r a n s m i t s  i t  v i a  40 .8  Kb/s 
microwave r e l ay  and vo ice -g rade  ha rdwi re  t o  t h e  MCC-H. T h i s  
da ta  i s  p r o c e s s e d  i n  a manner s imi la r  t o  t h a t  f o r  r emote  s i t e  
da t a  t r a n s m i t t e d  from GSFC. Launch v e h i c l e  t e l e m e t r y  da ta  are  
a l s o  t r a n s m i t t e d  t o  MSFC where t h e y  are  f o r m a t t e d  and  d i s p l a y e d  
f o r  l a u n c h  v e h i c l e  e n g i n e e r s .  

C.  C o n s i d e r a t i o n s  f o r  F u t u r e  Ground Sys tems  

I n c r e a s e d  data  r a t e s ,  new p r o c e s s i n g  r e q u i r e m e n t s ,  
h i g h e r  da ta  volumes,  t h e  l o c a t i o n s  o f  e x p e r i m e n t e r s ,  and  t h e  
c o n d u c t  o f  s i m u l t a n e o u s  m i s s i o n s  are  f a c t o r s  t h a t  must b e  con- 
s ide red  i n  d e t e r m i n i n g  t h e  r e q u i r e d  ground c a p a b i l i t y .  

1. I n c r e a s e d  Data Rates 

P r e s e n t l y ,  anywhere from 1 . 6  - 200  Kb/s o f  t e l e m e t r y  
data are  r e c e i v e d  from t h e  S / V .  I n  a Mars f l y b y  m i s s i o n ,  space -  
c r a f t  data t r a n s m i s s i o n  r a t e s  o f  abou t  1 Mb/s a re  e x p e c t e d  
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d u r i n g  most of t h e  m i s s i o n .  T h i s  means t h a t  u n l e s s  t h e  t r a n s -  
m i s s i o n  c a p a b i l i t y  o f  t h e  r e c e i v i n g  s i t e s  i s  enhanced ,  t h e  
p e r c e n t a g e  o f  r e a l  t i m e  data  t h a t  can  be  s e n t  t o  t h e  MCC w i l l  
be much smaller t h a n  p r e s e n t l y  o b t a i n a b l e .  The p e r c e n t a g e  be-  
comes even  smaller f o r  a n e a r - e a r t h  m i s s i o n  where s p a c e c r a f t  
t r a n s m i s s i o n  ra tes  o f  from 1 t o  20  Mb/s may o c c u r ,  and  where 
t h e r e  may be  s e v e r a l  s i m u l t a n e o u s  m i s s i o n s .  T h e  f u l l  impact  
of t h i s  f a c t o r  can  be assessed by a d e t e r m i n a t i o n  o f  how much 
data  must be  t r a n s f e r r e d  i m m e d i a t e l y  t o  t h e  M C C ,  and  how much 
can  b e  s h i p p e d  a t  a l a t e r  t i m e ,  f o r  example by a i r p l a n e .  

2 .  P r o c e s s i n g  Requi rements  

Once t h e  data  stream i s  r o u t e d  t h e r e  r e m a i n s  t h e  v e r y  
r e a l  problem o f  p r o c e s s i n g  i t  f o r  i t s  i n t e n d e d  u s e .  I n  t h e  
e x t r e m e  c a s e  -- i . e . ,  s e v e r a l  s i m u l t a n e o u s  m i s s i o n s  w i t h  a com- 
b i n e d  da ta  r a t e  i n  t h e  mul t i -megabi t  r a n g e ,  a l l  o f  which must 
b e  p r o c e s s e d  i n  r e a l  t ime -- t h e  i m p l i c a t i o n s  are  s t a g g e r i n g .  
For example,  t ake  t h e  enhancement o f  j u s t  one  p i c t u r e  from a 
Mars f l y b y  v e h i c l e .  An e x t r a p o l a t i o n  of t h e  t y p e  o f  enhance- 
ment p r o c e s s i n g  u n d e r  c o n s i d e r a t i o n  f o r  t h e  Lunar  O r b i t e r  
p h o t o g r a p h s  i n d i c a t e s  t h a t  i t  would t ake  someth ing  l i k e  200 
d a y s  on an  IBM 7094  c l a s s  computer  t o  p r o c e s s  one  pho tograph  
r e c e i v e d  from a Mars m i s s i o n . *  I n  t h e  c a s e  o f  e a r t h  o r b i t a l  
m i s s i o n s  we may g e t  t h e  e q u i v a l e n t  o f  twen ty  o f  t hese  p i c t u r e s  
a d a y .  

I n  o r d e r  t o  d e t e r m i n e  t h e  t o t a l  p r o c e s s i n g  r e q u i r e -  
ments  t h e n ,  t h e  f o l l o w i n g  q u e s t i o n s  must b e  answered:  

a. How much need  i s  t h e r e  f o r  n e a r - r e a l  t i m e  en- 
hancement ,  by d i g i t a l  compute r s ,  f o r  t h e  photo-  
g r a p h i c  da t a  r e c e i v e d  d u r i n g  a m i s s i o n ?  

b .  What a re  t h e  t o t a l  p r o c e s s i n g  r e q u i r e m e n t s  for 
t h e  p h o t o g r a p h i c  data? 

*According  t o  c o n v e r s a t i o n s  w i t h  C .  J .  Byrne of Bellcomm, 
c 

t h e  d i g i t a l  p r o c e s s i n g  for 5 x 10’ b i t s  o f  L u n a r  O r b i t e r  data 
t akes  5-15 minu tes  on an IBM 7094-11. T h i s  assumes enhance- 
ment and p r o c e s s i n g  o f  t h e  t y p e  d e s c r i b e d  i n  R e f e r e n c e  1 6 .  

p h o t o ,  t h e  same t y p e  of p r o c e s s i n g  would t ake :  
Assuming an  es t imated lo1’ b i t s  for a h i g h  r e s o l u t i o n  

1 5  m i n u t e s  - % 2 0 0  days  x lo1’ b i t s  

5 x lo5 b i t s  1 4 4 0  minu tes /day  
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A c t u a l l y  t h e  q u e s t i o n s  c o u l d  b e  g e n e r a l i z e d  t o  a s k ,  
what amounts o f  Class I and Class I1 data must b e  p r o c e s s e d  
d u r i n g  a m i s s i o n ,  and can  t h i s  b e  done i n  a r e a s o n a b l e  t i m e  
frame? S i n c e  p i c t u r e s  w i l l  c o n s t i t u t e  t h e  b u l k  o f  t h e  da ta ,  
t h e  answer  t o  t h i s  q u e s t i o n  w i l l  depend on t h e  amount and  
t y p e s  of p i c t u r e  p r o c e s s i n g  t h a t  must be done ,  b o t h  i n  r e a l  
t i m e  and o f f  l i n e .  

3. Data Volume 

The h i g h  da t a  rates combined w i t h  t h e  l o n g  d u r a t i o n  
o f  t h e  m i s s i o n  w i l l  c a u s e  a t remendous volume o f  da t a  t o  b e  
g e n e r a t e d .  For example ,  t h e  2-5 year  e a r t h  o r b i t a l  as t ronomy 
m i s s i o n  w i t h  a n  a v e r a g e  t r a n s m i t t e d  data r a t e  o f  n e a r l y  20 Mb/e 
would p roduce  a t o t a l  of 6 x - 3 x b i t s  r e c e i v e d  on t h e  
g round .  The data must be s t o r e d  a t  v a r i o u s  t imes  i n  t h e i r  p r o c e s s -  
i n g  c y c l e .  P r e s e n t l y ,  d i g i t a l  magne t i c  t apes  a re  used  as t h e  main 
s t o r a g e  medium. The large volume o f  data  for t h e  advanced  
manned m i s s i o n s ,  however ,  n e c e s s i t a t e s  o t h e r  more e f f i c i e n t  
s t o r a g e  media ( s ee ,  f o r  example,  T a b l e  3 ) .  I n d i c a t i o n s  are 
t h a t  by 1975 new s t o r a g e  t e c h n i q u e s  s u c h  as t h o s e  l i s t e d  i n  t h e  
t a b l e  w i l l  e a s i l y  r e s o l v e  t h e  s t o r a g e  p r o b l e m s .  

4 .  Locat  i o n  of ExDeriment e r s  

It i s  a n t i c i p a t e d  t h a t  many more e x p e r i m e n t e r s  w i l l  
b e  a s s o c i a t e d  w i t h  t h e  l o n g  d u r a t i o n  m i s s i o n s  t h a n  a re  i n v o l v e d  
i n  Apo l lo .  Although it i s  t o o  soon t o  d e t e r m i n e  t h e  e x a c t  l o -  
c a t i o n  o f  t h e  e x p e r i m e n t e r s ,  it i s  safe t o  s a y  t h a t  r o u t i n g  
data  t o  them w i l l  be  a major  f u n c t i o n  o f  t h e  ground s y s t e m .  
Some of t h e  f a c t o r s  which i n f l u e n c e  t h e  l o c a t i o n  o f  exper imen-  
t e r s  are:  

a. 

b .  

For Class I d a t a  a n  e x p e r i m e n t e r  may need  t o  b e  
l o c a t e d  a t  the MCC s o  t h a t  he can  b e  c l o s e l y  co- 
o r d i n a t e d  w i t h  t h e  m i s s i o n  c o n t r o l l e r s .  H e  may 
need a c c e s s  t o  a c o m p u t a t i o n a l  f a c i l i t y  for n e a r -  
r ea l  t i m e  p r o c e s s i n g  o f  expe r imen t  data and f o r  
o f f l i n e  c a l c u l a t i o n s .  

C e r t a i n  e x p e r i m e n t e r s  may f i n d  i t  c o n v e n i e n t  t o  
f u n c t i o n  a t  t h e  MCC even i f  t h e y  a re  n o t  d i r e c t l y  
i n v o l v e d  w i t h  Class I data .  These e x p e r i m e n t e r s  
may have t o  b e  p r o v i d e d  w i t h  c o n s o l e s  f rom which 
t h e y  can  r e t r i e v e  and  m a n i p u l a t e  data .  
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c .  O t h e r  e x p e r i m e n t e r s  may f i n d  i t  d i f f i c u l t  t o  l e a v e  
t h e i r  r e g u l a r  working envi ronment  (for example ,  
u n i v e r s i t y  p r o f e s s o r s ) .  The a p p r o p r i a t e  da t a  w i l l  
have t o  b e  s e n t  t o  them e i t h e r  by communicat ion 
l i n e ,  by messenger ,  or by c o n v e n t i o n a l  mail .  

It i s  a n t i c i p a t e d  t h a t  most o f  t h e  d a t a  r o u t i n g  w i l l  b e  
p r o v i d e d  by wha t  w i l l  be  e x i s t i n g  common c a r r i e r  communicat ion 
l i n k s .  The most s i g n i f i c a n t  problem w i l l  be  t h e  c o o r d i n a t i o n  and 
c o n t r o l  of w i d e l y  d i s p e r s e d  e x p e r i m e n t e r s .  

5 .  S imul t aneous  Miss ions  

C u r r e n t l y ,  manned m i s s i o n s  a re  r u n  s e r i a l l y ,  or i f  i n  
However, t h e  p a r a l l e l  a r e  c l o s e l y  c o o r d i n a t e d  w i t h  e a c h  o t h e r .  

l o n g  d u r a t i o n  0.f advanced  manned m i s s i o n s  w i l l  p r o b a b l y  c a u s e  
s e v e r a l  d i v e r s e  m i s s i o n s  t o  b e  o p e r a t i o n a l  a t  t h e  same t i m e .  (1) 

For  example ,  i t  i s  e n t i r e l y  p o s s i b l e  t h a t  a n  e a r t h  
o r b i t a l  as t ronomy m i s s i o n  and an  e a r t h  r e s o u r c e s  and  me teo ro logy  
m i s s i o n  c o u l d  o v e r l a p  w i t h  each  o t h e r  and w i t h  s h o r t e r  d u r a t i o n  
e x p e r i m e n t a l ,  t r a i n i n g ,  and r e s u p p l y  m i s s i o n s .  I f  s o ,  t h e  da ta  
management ne twork  i s  f a c e d  w i t h  h i g h e r  da ta  r a t e s  and  volumes,  
and w i t h  t h e  t a s k s  o f  keeDing t h e  da ta  separate  and  p r o t e c t e d .  
We may f i n d  t h a t  m i s s i o n s  w i l l  be  compet ing  w i t h  e a c h  o t h e r  for 
communicat ion l i n k s ,  equipment and p e r s o n n e l .  

C o n s i d e r  f o r  example t h e  o v e r l a p  between a n  o p e r a t i o n a l  
m i s s i o n  and a t r a i n i n g  e x e r c i s e .  I n  A p o l l o ,  t r a i n i n g  o f  f l i g h t  
c o n t r o l l e r s  t akes  as much or more equipment  t h a n  r u n n i n g  a m i s -  
s i o n .  It i s  n o t  uncommon f o r  b o t h  o f  t h e  m i s s i o n  c o n t r o l  rooms 
t o  be t i e d  up, one f o r  c o n t r o l l i n g  a m i s s i o n ,  t h e  o t h e r  f o r  t r a i n -  
i n g .  One can  p r e d i c t  from p a s t  e x p e r i e n c e  t h a t  t h e  demands on 
equipment  and p e r s o n n e l  w i l l  i n c r e a s e  w i t h  o v e r l a p p i n g  m i s s i o n s .  
T h e r e f o r e ,  c o n s i d e r a t i o n  w i l l  b e  d i r e c t e d  toward  t h e  t i m e  s h a r i n g  
of equ ipmen t s ,  f a c i l i t i e s  , and p e r s o n n e l ,  t o  " p r o t e c t i n g "  t h e  
data i n  one m i s s i o n  from t h e  data i n  a n o t h e r ,  and t o  h a n d l i n g  t h e  
m u l t i - m e g a b i t  data  t r a n s m i s s i o n  r a t e s  t h a t  may r e s u l t .  

D. A P o s s i b l e  Ground S y s t e m  

T h i s  s e c t i o n  p r e s e n t s  a f e a s i b l e  ground s y s t e m  c o n c e p t  
t o  h a n d l e  t h e  r e q u i r e m e n t s  of advanced  manned m i s s i o n s .  The 
s y s t e m  takes  advan tage  o f  p r e s e n t  t e c h n i q u e s  and equ ipmen t s  t o  
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The ma jo r  f e a t u r e s  o f  t h i s  s y s t e m  c o n c e p t  a r e :  t h e  
u t i l i z a t i o n  o f  synchronous  communication s a t e l l i t e s ;  t h e  u t i l i -  
z a t i o n  o f  new g e n e r a t i o n  computers  a v a i l a b l e  i n  1975:  t h e  
c e n t r a l i z a t i o n  o f  expe r imen t  data  p r o c e s s i n g  computers  , t h e s e  
p r o v i d i n g  s e r v i c e s  t o  e x p e r i m e n t e r s  b o t h  a t  t h e  MCC and  e l se-  
where; and c l o s e  c o u p l i n g  between e x p e r i m e n t s  c o n t r o l  and  
m i s s i o n  c o n t r o l .  

The concep t  i s  n o t  p r e s e n t e d  as  a recommendat ion ,  b u t  
r a the r  as a s t a r t i n g  p o i n t  f o r  c o n t i n u i n g  s t u d i e s .  It  i s  s i m -  
p l y  a f eas ib l e  one  which r e s o l v e s  many o f  t h e  problems 
c o n s i d e r e d  i n  t h e  p r e v i o u s  s e c t i o n .  Fo r  example ,  t h e  u s e  o f  
1975  t y p e  computers  and communication l i n k s  r e s o l v e  many o f  t h e  
problems a s s o c i a t e d  w i t h  h a n d l i n g  and p r o c e s s i n g  i n f o r m a t i o n  a t  
h i g h  data  r a t e s .  The t a s k  o f  s u p p l y i n g  r e m o t e l y  l o c a t e d  e x p e r i -  
m e n t e r s  w i t h  exDer iments  da t a  i s  a n t i c i p a t e d  t o  b e  w e l l  w i t h i n  
t h e  c a D a b i l j t i e s  o f  f u t u r e  computers  and commerc ia l  communica- 
t i o n s  l i n k s .  The volume o f  d a t a  s h o u l d  n o t  g r e a t l y  t a x  t h e  
s t o r a g e  s y s t e m s  o f  1975.  Computers p r o v i d e  t h e  d e g r e e  o f  
f l e x i b i l i t y  r e q u i r e d  t o  hand le  d i v e r s e  and  s i m u l t a n e o u s  m i s s i o n s .  
However, t h e  f u l l  impac t  o f  s i m u l t a n e o u s  m i s s i o n s  i s  n o t  assessed 
i n  t h e  f o l l o w i n g  d i s c u s s i o n ,  which d e s c r i b e s  t h e  f l ow o f  da t a  for 
a s i n g l e  m i s s i o n .  T h i s  i s  done f o r  e a s e  of d i s c u s s i o n  and  i n  
r e c o g n i t i o n  o f  t h e  need for more d e t a i l e d  s t u d y  i n  t h i s  a r e a .  

1. Communications 

A s  ment ioned  i n  S e c t i o n  111, t h e  communicat ions ne twork  
(he rea f t e r  r e f e r r e d  t o  as t h e  "commnet") r e q u i r e d  t o  t r a n s m i t  
da t a  from t h e  earth-based r e c e i v i n g  s t a t i o n s  t o  t h e i r  u l t i m a t e  
u s e r s  i s  a sub , j ec t  f o r  f u r t h e r  s t u d y .  It  i s  q u i t e  l i k e l y ,  how- 
e v e r ,  t h a t  communicat ions s a t e l l i t e s  w i l l  be u s e d  t o  some d e g r e e .  

For t h e  purDoses o f  d i s c u s s i o n  we w i l l  assume a commnet 
which u t i l i z e s  communicat ions s a t e l l i t e s  i n  two ways as i n d i c a t e d  
i n  F i g u r e  8 ,  depend ing  on t h e  r e l a t i v e  l o c a t i o n  o f  t h e  s p a c e  
v e h i c l e  and t h e  t y p e  o f  m i s s i o n  i n v o l v e d .  For  e a r t h  o r b i t i n g  
v e h i c l e s  -- e . g . ,  a S / V  f o r  a n  ea r th  r e s o u r c e s  m i s s i o n  or a Mars 
f l y b y  S /V i n  a n  e a r t h  o r b i t a l  phase  -- d a t a  w i l l  b e  r e l a y e d  
d i i - e c t i y  ~"rom t h e  S/V t o  a communication s a t e i i i t e  ( i f  n e c e s s a r y )  
and t h e n  t o  t h e  VCC. T h i s  w i l l  p r o v i d e  e s s e n t i a l l y  c o n t i n u o u s  
communicat ions cove rage  and a l l o w  maximum t r a n s m i s s i o n  o f  da t a  i n  
r e a l  t i m e  t o  t h e  Y C C .  The P4SFN s i t e s  w i l l  b e  u sed  t o  t r a c k  t h e  
S / V  and  t o  p r o v i d e  a back-up communicat ions l i n k  i n  t h e  e v e n t  o f  
f a i l u r e s  i n  t h e  communicat ion s a t e l l i t e  s y s t e m .  I n  t h e  c a s e  o f  
t h e  i n t e r p l a n e t a r y  p h a s e s  o f  a Mars f l y b y , d a t a  w i l l  b e  t r a n s -  
m i t t e d  from t h e  S / V  t o  one  o f  t h e  D S N  s t a t i o n s ,  r e l a y e d  from t h e  
DSN t o  a communicat ions s a t e l l i t e  ( i f  needed)  and  t h e n  re layed  t o  
t h e  M C C .  The DSN s i t e s ,  i n  a d d i t i o n  t o  r e l a y i n g  t h e  r e c e i v e d  
s i g n a l s  from t h e  S / V  t o  a communicat ions s a t e l l i t e ,  w i l l  a l s o  
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s t r i p  o f f  s e l e c t e d  c r i t i c a l  C l a s s  I data  and v o i c e  da t a  and 
t r a n s m i t  them on e x i s t i n g  earth-based l i n k s  t o  t h e  MCC.  These 
samples a re  used  as back-up i n  c a s e  o f  a f a i l u r e  i n  t h e  communi- 
c a t i o n s  s a t e l l i t e s .  The back-up c a p a b i l i t y  w i l l  e x i s t  b o t h  w a y s ,  
i . e . ,  from MCC t o  s i t e s  as well as from t h e  s i t e s  t o  t h e  MCC.  

For r e l i a b i l i t y , t h e  ground s t a t i o n s  i n  b o t h  s y s t e m s  
w i l l  a l s o  s t o r e  a l l  r e c e i v e d  data i n  raw form. Thus t h e  g round  
s t a t i o n s  w i l l  have t o  have c a p a b i l i t i e s  f o r  s e l e c t i n g  d a t a  and 
s t o r i n g  data  and w i l l  p r o b a b l y  be computer-based.  

Based on t h i s  concep t  o f  s a t e l l i t e s  and  g round  s t a t i o n s  
i t  i s  l o g i c a l  t o  t h i n k  o f  a c e n t r a l i z e d  MCC,  one which r e c e i v e s  
a l l  t h e  data  and r o u t e s  them as r e q u i r e d .  F o r  conven ience  t h e  
f o l  owing d i s c u s s i o n  w i l l  assume such  a c e n t e r .  It s h o u l d  b e  
em Ir' h a s i z e d ,  however,  t h a t  t h e  a s sumpt ion  o f  c e n t r a l i z a t i o n  i s  
made t o  p r o v i d e  a c o n v e n i e n t  framework f o r  d i s c u s s i o n  and  i s  n o t  
an endorsement  o f  such  a c o n c e p t .  Much o f  t h e  d i s c u s s i o n  o f  da t a  
f l o w  and  comDuter p r o c e s s i n g  t h a t  f o l l o w s  i s ,  i n  any c a s e ,  common 
t o  c e n t r a l i z e d  o r  d e - c e n t r a l i z e d  c o n c e p t s .  

2 .  Data Flow a t  t h e  MCC 

Although i t  i s  t o o  e a r l y  i n  t h i s  s t u d y  t o  i d e n t i f y  t h e  
e x a c t  r o u t i n g  o f  da t a  w i t h i n  t h e  MCC,  some l i k e l y  p a t h s  are shown 
i n  F i g u r e  1 0 ,  which d e p i c t s  t h e  da ta  f low f o r  a s i n g l e  Mars f l y b y  
m i s s i o n .  I n  t h i s  model t h e  t o t a l  stream o f  da ta  i s  r e c e i v e d  from 
s a t e l l i t e  r e l a y s  a t  a ground s t a t i o n  i n  o r  n e a r  t h e  c o n t r o l  
c e n t e r :  f o r  r e l i a b i l i t y  a back-up stream o f  sampled p o r t i o n s  o f  
c r i t i c a l  data i s  r e c e i v e d  d i r e c t l y  from t h e  r emote  and  D S N  s i t e s  
v i a  common c a r r i e r  l i n k s .  B o t h  da t a  streams are  demodula ted  i n  
data  "modems" (modu la to r -demodu la to r )  and combined t o g e t h e r  a t  
p o i n t  1 o f  F i g u r e  1 0 .  

The f i rs t  ma jo r  s p l i t t i n g  of  da t a  o c c u r s  a t  p o i n t  1. 
Here. p i c t u r e  data  i s  s t r i p p e d  o f f  and s e n t  t o  p o i n t  2 .  The p i c -  
t u r e  data  i s  compr ised  of h i g h  q u a l i t y  pho tographs  and  l o w e r  
q u a l i t y  TV. That p o r t i o n  of t h e  p i c t u r e  data  which i s  d i g i t a l  i s  
c o n v e r t e d  t o  a n a l o g  a t  p o i n t  2 .  The TV da ta  i s  s p l i t  o f f  a t  
p o i n t  2 and t r a n s m i t t e d  by c losed  c i r c u i t  t o  e x p e r i m e n t e r s  and  
m i s s i o n  c o n t r o l l e r s ,  and s e l e c t i v e l y  t o  t h e  n a t i o n  v i a  t h e  com- 
mercial  n e t w o r k s .  All TV t r a n s m i s s i o n s  a re  a l s o  s t o r e d  on v i d e o  
t ape  f o r  l a t e r  v i e w i n g s .  The h i g h e r  r e s o l u t i o n  p h o t o g r a p h i c  d a t a  
are t r a n s m i t t e d  from p o i n t  2 t o  t h e  expe r imen t  da t a  a r c h i v e s  f o r  
s t  o r a g e .  

E v e n t u a l l y  t h e y  are r e t r i e v e d  from t h e  a r c h i v e s  for 
v i e w i n g  and a n a l y s i s  i n  t h e  p h o t o  d i s p l a y  s y s t e m .  Also,  p r e -  
s e l e c t e d  p h o t o s  can  be t r a n s m i t t e d  d i r e c t l y  from p o i n t  2 t o  t h e  
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p h o t o  d i s p l a y  s y s t e m  f o r  immediate v iewing .  An enhancement s y s -  
tem i s  p r o v i d e d ,  s o  t h a t  p a r t i c u l a r l y  i n t e r e s t i n g  p h o t o g r a p h s  
c a n  b e  p r o c e s s e d  f u r t h e r  t o  remove known n o i s e  e f f e c t s .  T h i s  
may be  done  by o p t i c a l  p h o t o g r a p h i c  p r o c e s s o r s  o r  by d i g i t a l  
compute r s ,  o r  by some c o m b i n a t i o n  o f  b o t h . *  The c a p a b i l i t y  i s  
a l s o  p r o v i d e d  a t  p o i n t  2 t o  s t r i p  o f f  p r e - s e l e c t e d  Class I1 
p h o t o g r a p h i c  data  f o r  t r a n s m i s s i o n  by communicat ion l i n e s  t o  
r e m o t e l y  l o c a t e d  e x p e r i m e n t e r s ,  

The second  major  d i v i s i o n  o f  da ta  a t  d i s t r i b u t i o n  
p o i n t  1 i s  v o i c e  da ta .  Voice  data w i l l  be r o u t e d  t h r o u g h  a 
v o i c e  s y s t e m  which i s  shown s y m b o l i c a l l y  as a s i n g l e  box i n  
F i g u r e  1 0 .  T h i s  s y s t e m  r o u t e s  v o i c e  c o n v e r s a t i o n s  be tween 
a s t r o n a u t s ,  f l i g h t  c o n t r o l l e r s  and e x p e r i m e n t e r s .  

The t h i r d  major  d i v i s i o n  a t  p o i n t  1 c o n t a i n s  s p a c e  
v e h i c l e  t e lemet ry ,  t r a c k i n g  data g e n e r a t e d  a t  t h e  commnet, and 
commnet s t a t u s  data.  The da ta  -- a t  r a t e s  estimated up t o  200 
Kb/s -- are t r a n s m i t t e d  t o  d i s t r i b u t i o n  p o i n t  3 where t h e y  are 
s p l i t  i n t o  two main streams, one c o n t a i n i n g  e x p e r i m e n t  data ,  
t h e  o t h e r  c o n t a i n i n g  m i s s i o n  s t a t u s  data .  

M i s s i o n  s t a t u s  data -- b i o m e d i c a l  data ,  S/V s y s t e m s  
data, commnet s t a t u s  da ta ,  and S/V l o c a t i o n  data -- are  s e n t  t o  
d i s t r i b u t i o n  p o i n t  5.  From t h e r e  t h e y  are s t o r e d  f o r  f u t u r e  
r e f e r e n c e  and a n a l y s i s  i n  a data r e d u c t i o n  a n a l y s i s  and  p r o c e s s  
i n g  c e n t e r ,  where s e l e c t e d  s a m p l e s  are  forwarded  t o  t h e  M i s s i o n  
S t a t u s  P r o c e s s i n g  C e n t e r  (MSPC).** The MSPC o p e r a t e s  upon t h e  
data  and  p r o v i d e s  o u t p u t s  which i n d i c a t e  t o  f l i g h t  c o n t r o l l e r s  
t h e  s t a t u s  o f  t h e  v e h i c l e  and crew and t h e  p r e s e n t  and  p r e d i c t e d  
l o c a t i o n  o f  t h e  S/V. It a l s o  g e n e r a t e s  a c q u i s i t i o n  data  t o  
a s s i s t  t h e  t r a c k i n g  e l e m e n t s  w i t h i n  t h e  commnet. F l i g h t  con- 
t r o l l e r s  communicate t o  t h e  MSPC v i a  c o n s o l e s ,  and  r e c e i v e  
i n f o r m a t i o n  v i a  computer -dr iven  d i s p l a y s .  C e r t a i n  f l i g h t  con- 
t r o l l e r  a c t i o n s  may r e s u l t  i n  t h e  need t o  g e n e r a t e  a command t o  
t h e  S/V. Command r e q u e s t s  a re  g a t h e r e d  a t  c o l l e c t i o n  p o i n t  6 
f o r  e v a l u a t i o n  and  c o o r d i n a t i o n  by t h e  m i s s i o n  c o n t r o l l e r .  Once 
approved  t h e  s p e c i f i c  command i s  f o r m a t t e d  i n  a command g e n e r a -  
t o r  a n d  t r a n s m i t t e d  t o  p o i n t  7 ,  t h e n c e  t o  t h e  modem, and  on t o  
t h e  commnet f o r  e v e n t u a l  t r a n s m i s s i o n  t o  t h e  space v e h i c l e .  

* S e v e r a l  n o n - d i g i t a l  enhancement schemes are d i s c u s s e d  i n  
R e f e r e n c e  17.  It i s  a n t i c i p a t e d  t h a t  a n a l o g - t y p e  methods as 
p e r f e c t e d  i n  1975 w i l l  be f a s t e r  and more economica l  t h a n  d i g i -  
t a l  compute r s  f o r  c e r t a i n  t y p e s  o f  enhancement .  

**This  i s  a f u n c t i o n  p r e s e n t l y  per formed a t  t h e  MSFN remote  
s i t e s  t o  l i g h t e n  t h e  t r a n s m i s s i o n  l o a d  t o  MCC-H. I n  t h e  pro-  
p o s e d  s y s t e m  t h e  same t e c h n i q u e  c a n  b e  used  t o  l i g h t e n  t h e  l o a d  
on t h e  MSPC; t h e  t o t a l  data  stream i s  a v a i l a b l e  if more de ta i led  
a n a l y s i s  i s  r e q u i r e d .  



BELLCOMM, I N C .  - 30 - 

C o n s i d e r  t h e  stream o f  e x p e r i m e n t  data s p l i t  o f f  a t  
d i s t r i b u t i o n  p o i n t  3. S i n c e  t h e  p i c t u r e  da t a  has a l ready  been  
e x t r a c t e d ,  t h e  peak e x p e r i m e n t  data r a t e  i s  e x p e c t e d  t o  be no 
more t h a n  1 0 0  Kb/s,  T h e s e d a t a a r e  t r a n s m i t t e d  t o  d i s t r i b u t i o n  
p o i n t  4 and  t h e n c e  t o  t h e  e x p e r i m e n t s  da ta  a r c h i v e .  P o r t i o n s  
of t h e  data  can  be e x t r a c t e d  f rom t h e  a r c h i v e  a t  any t i m e  by 
i n t e r e s t e d  e x p e r i m e n t e r s .  F a c i l i t i e s  are p r o v i d e d  f o r  t h e  
t r a n s m i s s i o n  o f  Class I1 data from t h e  a r c h i v e  t o  r e m o t e l y  l o -  
c a t e d  e x p e r i m e n t e r s ;  t h i s  t o  be done by e x i s t i n g  common 
c a r r i e r s .  

The Class I da ta  i s  s e n t  f rom p o i n t  4 t o  t h e  E x p e r i -  
ment Data P r o c e s s i n g  C e n t e r  (EDPC) f o r  p r o c e s s i n g  as r e q u i r e d .  
The o u t p u t s  o f  t h i s  p r o c e s s i n g  are a n a l y z e d  b y  e x p e r i m e n t e r s ;  
if w a r r a n t e d ,  commands t o  t h e  e x p e r i m e n t  or t h e  s u p p o r t i n g  
s p a c e c r a f t  s y s t e m s ,  or s u p p o r t i n g  ground-based s y s t e m s ,  a re  
g e n e r a t e d .  These commands a r e  t r a n s m i t t e d  t o  c o l l e c t i o n  p o i n t  
6 where t h e y  a r e  r ev iewed  b y  t h e  m i s s i o n  c o n t r o l l e r  and  c o o r d i -  
n a t e d  w i t h  o t h e r  commands. 

The commands are s p l i t  i n t o  two main streams a t  p o i n t  
6 .  S/V commands are s e n t  t o  t h e  command g e n e r a t o r ,  are  fo rma t -  
t e d ,  and  f rom t h e r e  are s e n t  t o  t h e  commnet f o r  t r a n s m i s s i o n  t o  
t h e  S / V .  Ground commands, p r i m a r i l y  v o i c e  commands e n a b l i n g  t h e  
re lease  o f  data ,  are t r a n s m i t t e d  t o  t h e  a p p r o p r i a t e  d e s t i n a t i o n . *  

It s h o u l d  be  n o t e d  t h a t  t h e r e  i s  a two way p a t h  o f  
i n f o r m a t i o n  r e q u e s t s  and  r e p l i e s  between t h e  EDPC and t h e  MSPC. 
For example ,  a n  e x p e r i m e n t e r  can r e q u e s t  i n f o r m a t i o n  t h a t  i s  
g e n e r a t e d  i n  t h e  MSPC, s u c h  as S / V  l o c a t i o n  o r  o r i e n t a t i o n .  
A l so ,  a f l i g h t  c o n t r o l l e r  may r e q u e s t  e x p e r i m e n t  s t a t u s  f rom t h e  
EDPC. 

3. Computer P r o c e s s i n g  i n  t h e  MCC 

The data  ne twork  a t  t h e  MCC u t i l i z e s  t h ree  ma jo r  com- 
p u t e r  p r o c e s s i n g  c e n t e r s ,  one f o r  data r e d u c t i o n  and a n a l y s i s ,  
a n o t h e r  f o r  m i s s i o n  s ta tus  p r o c e s s i n g ,  and a t h i r d  f o r  e x p e r i -  
ment data  p r o c e s s i n g .  T h i s  s e c t i o n  summarizes t h e  f u n c t i o n s  o f  
t h e  t h r e e  c e n t e r s .  

*Examples o f  "release commands" a r e :  commands to t r a n s m i t  
TV f rom a l i b r a r y  o f  t apes  or commercial  s o u r c e s  t o  t h e  S / V ;  
commands t o  s t a r t ,  f i n i s h  o r  modify a c o l l a t e r a l  g round e x p e r i -  
ment .  
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a .  The data r e d u c t i o n  and a n a l y s i s  computer  p e r f o r m s  
o f f l i n e  r e d u c t i o n  o f  e n g i n e e r i n g  data r e c e i v e d  
f rom t h e  s p a c e  v e h i c l e .  These  data  a r e d i s p l a y e d  - 
f o r  u s e  by e n g i n e e r s  r e s p o n s i b l e  for t h e  v a r i o u s  
S /V s y s t e m s .  

b .  The m i s s i o n  s ta tus  computer  o p e r a t e s  i n  r e a l  t i m e ,  
p r o c e s s i n g  S/V s y s t e m s  data ,  t r a c k i n g  da ta ,  and 
commnet s t a t u s  da ta .  I t :  

(1) computes p r e s e n t  S/V l o c a t i o n ;  

( 2 )  

( 3 )  

(4) 
( 5 )  g e n e r a t e s  S/V commands; 

( 6 )  

p r e d i c t s  f u t u r e  p o s i t i o n s  and o r b i t s ;  

g e n e r a t e s  a c q u i s i t i o n  data t o  a s s i s t  t r a c k i n g  
s t a t i o n s ;  

d e t e r m i n e s  s t a t u s  o f  S/V and commnet s y s t e m s ;  

r e s p o n d s  t o  f l i g h t  c o n t r o l l e r  r e q u e s t s  and 
d i s p l a y s  i n f o r m a t i o n  i n  r e s p o n s e  t o  t h e s e  
r e q u e s t s  ; 

( 7 )  g e n e r a t e s  m i s s i o n  p l a n n i n g  data  f o r  f l i g h t  
c o n t r o l l e r s .  

c .  The  expe r imen t  d a t a  p r o c e s s i n g  computer  o p e r a t e s  
i n  n e a r - r e a l  t ime on Class I e x p e r i m e n t  data ,  and 
i n  n o n - r e a l  t i m e  on Class I1 and Class I11 data.  
The computer :  

(1) p e r f o r m s  n e a r - r e a l  t ime c a l c u l a t i o n s  re-  
q u i r e d  t o  ' ' c l o s e  a l o o p "  i n  e x p e r i m e n t s  
c o n t r o l ;  

( 2 )  p r o v i d e s  s h o r t  term s t o r a g e  f o r  Class I and 
Class I1 data;  

( 3 )  p r o v i d e s  d i g i t a l  p r o c e s s i n g  for s e l e c t e d  
p i c t u r e s  ; 

( 4 )  p r o v i d e s  m a t h e m a t i c a l  p r o c e s s i n g  s e r v i c e s  
f o r  o n - s i t e  e x p e r i m e n t e r s ;  

( 5 )  f o r m a t s  d a t a  f o r  t r a n s m i s s i o n  t o  o f f - s i t e  
e x p e r i m e n t e r s .  
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E .  Some Reasonab le  A l t e r n a t i v e s  

The ground s y s t e m  d i s c u s s e d  i n  S u b - s e c t i o n  D i s  p r e -  
d i c a t e d  upon t h e  u s e  o f  communicat ions s a t e l l i t e s  t o  r e l a y  a l l  
t h e  data  from a S /V t o  t h e  MCC. If t h i s  t y p e  o f  r e l a y  d o e s  n o t  
e x i s t  -- i . e . ,  if a l l  data canno t  be t r a n s m i t t e d  i n  r e a l  t i m e  
t o  a c e n t r a l  p o i n t  -- t h e n  o t h e r  r o u t i n g  and  p r o c e s s i n g  s y s t e m s  
might  be  more r e a s o n a b l e ,  Even i f  a l l  t h e  data c o u l d  be  t r a n s -  
m i t t e d  t o  a c e n t r a l  p o i n t ,  t h e r e  are  ways  o t h e r  t h a n  t h e  method 
d e s c r i b e d  i n  S u b - s e c t i o n  D t o  r o u t e  and  p r o c e s s  t h e  data on t h e  
g round .  

L e t  u s  c o n s i d e r  f i rs t  t h e  i m p l i c a t i o n s  o f  n o t  u t i l i -  
z i n g  communicat ions s a t e l l i t e s ,  It i s  p r o b a b l e  i n  t h i s  c a s e  
t h a t  o n l y  t h e  Class I data c o u l d  be t r a n s m i t t e d  i n  r e a l  t i m e  
t o  t h e  MCC,  much as  i s  done i n  Apo l lo .  The  r e m a i n i n g  data would 
be s t o r e d  upon r e c e p t i o n  a t  t h e  MSFN o r  D S N  s i t e s ,  and e v e n t u a l l y  
s h i p p e d  by common c a r r i e r s  t o  t h e  u l t i m a t e  u s e r s ,  Segments  o f  
t h e  data c o u l d  be s e n t  d i r e c t l y  f rom t h e  s i t e s  t o  t h e  a p p r o p r i a t e  
u s e r .  F o r  example ,  p h o t o g r a p h i c  data  c o u l d  be s t r i p p e d  o f f  a t  a 
s i t e  and  s e n t  d i r e c t l y  t o  a p h o t o g r a p h i c  p r o c e s s i n g  c e n t e r ;  S/V 
s t a t u s  data c o u l d  be s t r i p p e d  o f f  and s e n t  t o  t h e  MCC; a l s o ,  
e x p e r i m e n t  data  c o u l d  be s t r i p p e d  o f f  and s e n t  t o  a n  e x p e r i m e n t s  
c l e a r i n g  house ,  o r  p e r h a p s  mailed d i r e c t  t o  i n d i v i d u a l  e x p e r i -  
m e n t e r s  as a p p r o p r i a t e .  The p o t e n t i a l  a d v a n t a g e  o f  s u c h  a s y s t e m  
i s  r e d u c e d  c o s t s  b e c a u s e  i t  takes  a d v a n t a g e  o f  many e x i s t i n g  
f a c i l i t i e s .  I t s  major  d i s a d v a n t a g e s  a r e  t h e  p o t e n t i a l l y  l o n g  
de l ays  b e f o r e  data are d e l i v e r e d  t o  t h e i r  u l t i m a t e  u s e r s ,  and  t h e  
l a c k  o f  c o o r d i n a t i o n  i n h e r e n t  i n  s e n d i n g  data from many r e c e i v i n g  
p o i n t s  t o  s e v e r a l  u s e r s .  

Now l e t  u s  c o n s i d e r  some o f  t h e  a l t e r n a t i v e s  t h a t  e x i s t  
even  when a l l  t h e  d a t a a r e  t r a n s m i t t e d  i n  r e a l  t i m e  t o  t h e  MCC. 
The s y s t e m  descr ibed  i n  S u b - s e c t i o n  D has e x t e n s i v e  f a c i l i t i e s  
f o r  e x p e r i m e n t e r s  on s i t e  a t  t h e  M C C ,  i n c l u d i n g  a s p e c i a l  e x p e r i -  
ments  p r o c e s s i n g  c e n t e r .  T h i s  d o e s  n o t  have  t o  be t h e  c a s e .  For 
example a l l  e x p e r i m e n t s  data  e x c e p t  t h o s e  which are  Class I ,  
c o u l d  be s t r i p p e d  o f f  a t  t h e  MCC ground s t a t i o n  and d i s t r i b u t e d  
i n  raw form by mail t o  t h e  a p p r o p r i a t e  e x p e r i m e n t e r s .  Only t h e  
Class I e x p e r i m e n t s  da t a  would t n e n  b e  p r o c e s s e d  a t  t h e  i v i 2 . i ' .  

T h i s  method has an  a p p a r e n t  c o s t  a d v a n t a g e  o v e r  t h e  
s y s t e m  d e s c r i b e d  i n  S u b - s e c t i o n  D s i n c e  e x t e n s i v e  e x p e r i m e n t e r  
f ' a c i l i t i e s  do  n o t  have t o  be p r o v i d e d  a t  t h e  MCC. The a d v a n t a g e  
i s  o n l y  a p p a r e n t  b e c a u s e  t h e  f a c i l i t i e s  may s t i l l  have  t o  be  
p r o v i d e d  elsewhere.  A d i s a d v a n t a g e  i s  l o s s  of  c o o r d i n a t i o n  w i t h  ex-  
p e r i m e n t e r s .  The method has a n  a d v a n t a g e  o v e r  t h e  n o n - s a t e l l i t e  
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s y s t e m  p r e v i o u s l y  d i s c u s s e d  i n  t h a t  a l l  da t a  i s  s t r i p p e d  a t  a 
c e n t r a l  p o i n t ,  making i t  eas ie r  t o  c o n t r o l  d i s t r i b u t i o n .  The 
d i s a d v a n t a g e  v i s - a - v i s  t h e  n o n - s a t e l l i t e  s y s t e m  i s  t h e  c o s t  of 
d e v e l o p i n g  t h e  c e n t r a l  g round s t a t i o n ,  

I f  d e t a i l e d  s t u d i e s  s h o u l d  lead one t o  a c c e p t  t h e  
s y s t e m  concep t  as d e s c r i b e d  i n  S u b - s e c t i o n  D ,  t he re  are  many 
l a r g e  s c a l e  t r a d e o f f s  t h a t  must b e  c a r e f u l l y  c o n s i d e r e d .  Fo r  
example ,  two separa te  p r o c e s s i n g  f u n c t i o n s  -- one  f o r  m i s s i o n  
s t a t u s ,  t h e  o t h e r  f o r  e x p e r i m e n t s  -- were d e s c r i b e d .  I t  i s  
n o t  y e t  o b v i o u s  whe the r  t hese  f u n c t i o n s  s h o u l d  b e  pe r fo rmed  i n  
one computer  s y s t e m  or i n  s e p a r a t e  s y s t e m s .  T i m e  s h a r i n g  o f  a 
s i n g l e  s y s t e m  may s a v e  hardware  c o s t s ,  b u t  may i n t r o d u c e  s o f t -  
ware c o s t s ;  a smaller number of computers  may i n c r e a s e  hardware 
r e l i a b i l i t y  b u t  may a l s o  i n c r e a s e  s o f t w a r e  c o m p l e x i t y .  T h i s  
t r a d e o f f  may be overshadowed by  t h e  r e l a t i v e  need for e x p e r i -  
ments  p r o c e s s i n g .  If t h e  amount o f  Class I e x p e r i m e n t  data  i s  
small compared t o  Class I m i s s i o n  c o n t r o l  data ,  t h e n  t h e  e x p e r i -  
ment da ta  c o u l d ,  p e r h a p s ,  be  hand led  w i t h  small d i f f i c u l t y  i n  
t h e  m i s s i o n  c o n t r o l  computer  s y s t e m .  

V .  SUMMARY AND C O N C L U S I O N S  

A .  Data Flow i n  Space 

Advanced manned m i s s i o n s  w i l l  g e n e r a t e  v a s t  amounts 
o f  da ta ,  m o s t l y  i n  t h e  form o f  p i c t u r e s .  G e n e r a t i o n  r a t e s  i n  

b i t s  w i l l  be t y p i c a l .  Data w i l l  be r e t u r n e d  t o  ear th  by a com- 
b i n a t i o n  o f  t r a n s m i s s i o n  and p h y s i c a l  r e t u r n ,  T r a n s m i s s i o n  
r a t e s  on t h e  o r d e r  o f  1 Mb/s f o r  a Mars f l y b y  m i s s i o n  and 1-20  
Mb/s f o r  a n  ear th  o r b i t a l  m i s s i o n  w i l l  p r o b a b l y  b e  feas ib le  i n  
t h e  m i d  7 0 ' s .  Real t ime TV may  b e  d e s i r e d ,  and would r e q u i r e  
a p p r o x i m a t e l y  a 20  Mb/s c a p a b i l i t y .  S i n c e  TV would b e  u s e d  
o n l y  s p o r a d i c a l l y ,  t h e  same c h a n n e l  c o u l d  b e  used  and would be  
l a r g e  enough f o r  o t h e r  m i s s i o n  p u r p o s e s ,  

t h e  r a n g e  1-30 Mb/s, and t o t a l  data i n  t h e  r a n g e  1 0  1 4  - 10 1 5  

If i t  i s  des i r ed  t o  maximize t h e  number o f  b i t s  
t r a n s m i t t e d  back  t o  e a r t h  and  minimize de l ays  i n  t h e i r  r e a c h i n g  
u s e r s ,  i t  w i l l  b e  n e c e s s a r y  t o  maximize t h e  l e n g t h  of p e r i o d s  
o f  communicat ion w i t h  t h e  e a r t h .  For low e a r t h - o r b i t a l  m i s -  
s i o n s ,  t h e  u s e  of 3 o r  more synchronous  t r a c k i n g  communica t ions  
s a t e l l i t e s  w i l l  be n e c e s s a r y  f o r  c o n t i n u o u s  c o v e r a g e .  
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Most data will be stored in the form of developed 
pictures. Nevertheless, large electrical bulk memories will 
also be required--about lo7 - 10 bits for computer programs 
and tables, lo9 - 

a 
bits for other data storage. 

Formal data compression techniques do not look prom- 
ising for significantly reducing either storage or transmission 
requirements. This results because the bulk of the data con- 
sists of experiment photos with poorly known statistics or with 
a high premium on saving new or unusual features. Data with 
better known statistics more suited for data compression will 
make up a relatively small part ( <  10%) of the total data load. 
The use of the crew for selecting pictures to be transmitted 
will help somewhat. However, for the earth-orbital missions 
studied, the crew could not look at all of the pictures taken, 
and may themselves be constraints on what can be sent. A l l  
aspects of photographic data handling need detailed analysis. 

It is apparent that advanced missions will require a 
flexible and powerful data processing system on board. The de- 
gree to which this system should be centralized or decentralized 
is another important topic for further research. 

B. Data Flow on the Ground 

The data management functions on the ground will be 
similar to those for Apollo. There will be, however, require- 
ments for handling increased data rates and volumes, an increased 
emphasis on the processing of experiments data, particularly pic- 
ture data, and probably a requirement to process data from two 
or more simultaneous missions. To more fully determine the 
impact of these new requirements, estimates of the amount of 
Class I data must be developed. Also, all types of picture 
enhancement techniques and facilities should be investigated 
since digital enhancement is not necessarily the most desirable. 

The ground processing and routing concept depends 
heavily upon how data are relayed from remotely located communi- 
cations units to the ultimate users. Communications satellites 
could relay all transmitted data in real time to a central point. 
If they are used, a centralized MCC for both mission status and 
experiments data appears natural; if not, a decentralized system 
somewhat along the lines of the present Apollo network would be 
logical. 
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Communications s a t e l l i t e s  w i l l  p r o b a b l y  b e  used  f o r  
advanced  manned m i s s i o n s .  T h i s  p r o j e c t i o n  i s  backed up somewhat 
by t h e  p r e s e n t  p l a n  t o  u s e  communicat ions s a t e l l i t e s  i n  e a r l y  
Apol lo  m i s s i o n s  t o  r e l a y  i n f o r m a t i o n  from c e r t a i n  remote s i t e s  
t o  t h e  MCC. Hence, a c e n t r a l i z e d  MCC appears p r o m i s i n g .  

It i s  a p p a r e n t  t h a t  t h e  ma jo r  problems on t h e  ground 
are  n o t  t h o s e  o f  t e c h n i c a l  f e a s i b i l i t y  b u t  r a t h e r  problems o f  
o r g a n i z a t i o n  and  e f f i c i e n t  u t i l i z a t i o n .  Except  f o r  t h e  u n l i k e l y  
p o s s i b i l i t y  o f  h a v i n g  t o  enhance p h o t o g r a p h i c  da ta  i n  r e a l  t i m e ,  
t h e r e  are  no  f u n c t i o n s  which  a p p e a r  t o  be beyond t h e  c a p a b i l i t i e s  
p r e d i c t e d  f o r  t h e  computers  and communicat ions equipments  o f  t h e  
m i d - s e v e n t i e s .  The t e c h n i c a l  p l a n n i n g  r e q u i r e d  t o  a c h i e v e  a n  
e f f i c i e n t  s y s t e m  and  t h e  a s s ignmen t  o f  r e s p o n s i b i l i t y  t o  o r g a n i -  
z a t i o n s  w i t h i n  N A S A  r ema in ,  as a l w a y s ,  c h a l l e n g i n g  p rob lems .  
P e r h a p s  t h e  most s i g n i f i c a n t  problem i n  t h i s  regard  i s  p l a n n i n g  
and  o r g a n i z i n g  f o r  t h e  h a n d l i n g  o f  s i m u l t a n e o u s  m i s s i o n s .  The 
r e q u i r e m e n t s  f o r  s u c h  s u p p o r t  w i l l  p r o b a b l y  have a g r e a t e r  i m -  
p a c t  on t h e  ground data  management s y s t e m  t h a n  any o t h e r  s i n g l e  
f a c t o r .  M u l t i p l e  m i s s i o n s  r a i s e  many q u e s t i o n s ,  f o r  example,  
s h o u l d  a separate  computer  s y s t e m  be d e d i c a t e d  t o  e a c h  m i s s i o n ,  
or s h o u l d  s y s t e m s  be  t i m e - s h a r e d  amongst m i s s i o n s ?  

A matter o f  p o l i c y  which s h o u l d  r e c e i v e  e a r l y  s t u d y  i s  
t h a t  o f  N A S A ' s  r o l e  i n  a s s i s t i n g  e x p e r i m e n t e r s .  Should  N A S A  
t a k e  on t h e  r e s p o n s i b i l i t y  o f  r e d u c i n g  da ta  f o r  e x p e r i m e n t e r s ,  
or s h o u l d  i t  o n l y  p r o v i d e  a d a t a  s t r i p p i n g  s e r v i c e ?  The answer  
t o  t h i s  q u e s t i o n  w i l l  g r e a t l y  i n f l u e n c e  t h e  ground data f l o w  
c o n c e p t .  
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LIST OF ABBREVIATIONS 

- Apol lo  Launch Data System 

- B i t s  p e r  Second 

- Communications, Command, and T e l e m e t r y  System 

- C e n t r a l  I n s t r u m e n t a t i o n  F a c i l i t y  

- Data Reduct ion  Complex 

- Deep Space Network 

- Experiment  Data P r o c e s s i n g  C e n t e r  

- Entropy Reducing 

- Eastern  Test  Range 

- Goddard Space F l i g h t  C e n t e r  

- Guidance & Naviga t ion  

- I n f o r m a t i o n  P r e s e r v i n g  

- K i l o b i t s  p e r  Second 

- K i l o h e r t z  

- Kennedy Space C e n t e r  

- Megabits p e r  Second 

- Miss ion  C o n t r o l  Center 

- Miss ion  C o n t r o l  Cen te r  - Houston 

- Megahertz 

- Manned S p a c e c r a f t  Center 

- Manned Space F l i g h t  Center 

- Manned Space F l i g h t  Network 

- Miss ion  S t a t u s  P r o c e s s i n g  C e n t e r  
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L i s t  o f  A b b r e v i a t i o n s  

RF - Radio Frequency 

RTCC - Real Time Computer Complex 

S/C - S p a c e c r a f t  

S / V  - Space V e h i c l e  - t h e  spacecraf t  p l u s  any o r  a l l  lower  
p r o p u l s i o n  s t a g e s .  

TV - T e l e v i s i o n  
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APPENDIX A 

Computa t ions  f o r  

E a r t h  O r b i t a l  Ea r th  Resources  and  Meteoro logy  M i s s i o n  

B i t s  p e r  P i c t u r e  C a l c u l a t i o n s  

Assumptions : 

1. S i x t e e n  90-minute o r b i t s / d a y  

2 .  Average l e n g t h  pho tographed  i s  1 , 0 0 0  NM 

3 .  P i c t u r e  c o v e r a g e  o v e r l a p s  20% 

4 .  1 p i c t u r e / s e c o n d  i s  t h e  f a s t e s t  s i n g l e  camera p i c t u r e -  
t a k i n g  r a t e .  

Using  t h e  camera c o v e r a g e  l i s t e d  i n  column 2 ,  Tab le  
A - 1 ,  and  a s s u m p t i o n s  1 and 4 above,  i t  f o l l o w s  t h a t  t h e  38" and  
16" cameras are t i m e  l i m i t e d  t o  200  p i c t u r e s h r i a l ,  s i n c e  t h e  
t a r g e t i n g  t i m e  o v e r  a g i v e n  1 , 0 0 0  NM s t r i p  i s  a b o u t  200 s e c o n d s . *  
From a s s u m p t i o n s  2 and 3 i t  f o l l o w s  t h a t  t h e  6" camera w i l l  t ake  
1 7  s h o t s / 1 , 0 0 0  miles  (or t r i a l ) ,  t h e  m u l t i s p e c t r a l  camera 7 
s h o t s / t r i a l ,  t he  panoramic  59  s h o t s / t r i a l  and  t h e  radars 50 
s h o t s / t r i a l .  F o r  example,  f o r  t h e  6" camera ,  7 5  miles c o v e r a g e /  
p i c t u r e ,  r e d u c e d  by 20% o v e r l a p  = 60 miles c o v e r a g e / p i c t u r e .  
l&OOO = 17 p i c t u r e s / t r i a l .  The o t h e r  p i c t u r e s  pe r  
t r i a l  are  c a l c u l a t e d  s i m i l a r l y ,  t o  p r o d u c e  column 8 ,  Table  A - 1 .  

0 m i l e s / p i c t u r e  

Knowing t h e  ground r e s o l u t i o n s  and  area c o v e r a g e  o f  
e a c h  camera from columns 1 and  2 of T a b l e  A - 1 ,  one  c a n  c a l c u l a t e  
t h e  number o f  p i c t u r e  r e s o l u t l o n  e l e m e n t s  as 

Then, assuming 6 samples t o  d e f i n e  e a c h  r e s o l u t i o n  e l e m e n t ,  and 
6 b i t s  o f  c o d i n g  (64  grey s h a d e s )  p e r  sample, t h e  b i t s  p e r  p i c t u r e  
i s  g i v e n  by: 

i c t u r e  c o v e r a g e  area 
( r e s o l u t i o n  e l e m e n t s )  29 

s e c o n d s  x 90 min x 60  1 , 0 0 0  miles * T a r g e t i n g  T ime  = 
25,000 m i l e s / o r b i t  o r b i t  m i n u t e  

2, 200 s e c o n d s .  - 
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i c t u r e  c o v e r a g e  area 6 6 .  
2 B i t s / p i c t u r e  = p 

( r e s o l u t i o n  e l e m e n t s )  

Example 1: High R e s o l u t i o n  38" Camera 

7 2 P i c t u r e  e l e m e n t s  = (6080 f t )  = 3 . 7  1 0  
(1 f t ) 2  

8 S a m p l e s / p i c t u r e  = 6 x 3 .7  x l o 7  = 2 .2  x 1 0  

B i t s / p i c t u r e  = 6 x 2 . 2  x lo8 = 1 . 3  x 1 0  9 

M t s / t r i a l  f o r  T a b l e  6 were o b t a i n e d  by m u l t i p l y i n g  t h e  number 
o f  p i c t u r e s / t r i a l  (column 8 ,  Tab le  A - 1 )  and t h e  number of  b i t s /  
p i c t u r e  (column 5 ,  T a b l e  A - 1 )  for a g i v e n  camera o r  imager. 

Pounds o f  F i l m / T r i a l  C a l c u l a t i o n s  

Assumpt ions :  ( 1 8 )  

1. F i l m  b a s e  p l u s  g e l a t i n  i s  0.005" t h i c k  (=  0.0127 cm) 

2. S p e c i f i c  g r a v i t y  o f  f i l m  base p l u s  g e l a t i n  = 1 . 5  

C o n s i d e r  a 9" x 9" n e g a t i v e .  ( 9 "  = 23 cm) 
2 Area of  n e g a t i v e  = ( 2 3  cm)2 = 549 cm . 

Volume = 549 cm 2 x 0.0127 cm = 6.59 cm 3 . 
Weight of n e g a t i v e  = 6.59  c m  3 x 1 . 5  gm/cm3 = 1 0 . 4 5  gm/nega t ive .  

S i n c e  1 l b  = 453.6 g m . ,  i t  f o l l o w s  t h a t  1 0 . 4 5  gm/negat ive  
= 0 . 0 2 3  l b / n e g a t i v e ,  or 43.5 n e g a t i v e s / l b .  

The  number o f  p i c t u r e s / l b  f o r  o t h e r  f i l m  s izes  was c a l c u l a t e d  
s i m i l a r l y ,  p r o d u c i n g  column 7 o f  Table A-1. Then, pounds o f  
f i l m / t r i a l  i s  s i m p l y  column 8/column 7.  
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APPENDIX B 

Data G e n e r a t i o n  Estimates f o r  S/C Sys tems & C r e w  

S / C  Sys tems - Sampling r a t e s  f o r  A p o l l o  ACE measure-  
ments  were d e t e r m i n e d  s y s t e m  by s y s t e m  from a n  e a r l y  Apo l lo  
m i s s i o n  measurements  l i s t .  S i n c e  t e s t  p o i n t s  d e c r e a s e  a s  more 
m i s s i o n s  a re  u n d e r t a k e n ,  t h e  t o t a l  samples t a k e n  were d e c r e a s e d  
by t h i r t y  p e r c e n t  t o  a l l o w  f o r  t h i s .  It was assumed t h a t  "ACE" 
p o i n t s  f o r  a n  advanced  s p a c e c r a f t  would i n c r e a s e  by a f a c t o r  
o f  f o u r ,  as p e r  R e f e r e n c e  4 ,  and t h a t  data samples would 
c o r r e s p o n d i n g l y  i n c r e a s e .  F o r  a n  i n f l i g h t  c h e c k o u t ,  as  opposed 
t o  t o t a l  "ACE" measurements ,  it was assumed tha t  one f o u r t h  of 
these p o i n t s  would be u s e d  w i t h  c o r r e s p o n d i n g  decrease i n  
samples .  These s t e p s  a p p l i e d  t o  e a c h  subsys t em gave  t h e  r e s u l t s  
l i s t e d  i n  Tab le  B-1.  

C r e w  - D i s c u s s i o n s  w i t h i n  Bellcomm l e d  t o  t h e  c o n c e p t  
t h a t  a r o u t i n e  c h e c k o u t  o f  a n  a s t r o n a u t  migh t  i n v o l v e  t h e  four 
measurements  l i s t e d  i n  Table B-1.  Sampling ra tes  were t a k e n  from 
R e f e r e n c e  19. These  measurements would p r o b a b l y  n o t  be t a k e n  
s i m u l t a n e o u s l y ,  and  i n d i v i d u a l  crew members would n o t  be checked  
s i m u l t a n e o u s l y .  Thus t h e  20 Kb r a t e  i s  t a k e n  as  a maximum. 
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APPENDIX C 

E a r t h  O r b i t a l  Astronomy M i s s i o n  

The da t a  g e n e r a t i o n  c h a r a c t e r i s t i c s  o f  t h e  s e l e c t e d  
g roup  o f  i n s t r u m e n t s  f o r  an  ex tended  ear th  o r b i t a l  as t ronomy 
m i s s i o n  were p r e s e n t e d  i n  Tab le  7 .  The da ta  ra tes  and t y p i c a l  
d a i l y  data volumes q u o t e s  are  c r u d e  es t imates  made p r i m a r i l y  
f o r  t h e  p u r p o s e s  o f  i d e n t i f y i n g  s i g n i f i c a n t  data  h a n d l i n g  p ro -  
blems which c o u l d  ar ise  i n  t h e  s u p p o r t  o f  such  m i s s i o n s .  The 
f o l l o w i n g  comments on t h e  t a b u l a r  q u a n t i t i e s  are n o t e w o r t h y :  

Data Rates - The data  ra tes  g i v e n  are t o  b e  t a k e n  as 
t y p i c a l  f o r  t h e  i n s t r u m e n t  and w i l l  v a r y  w i t h  t h e  r e q u i r e m e n t s  
o f -  i n d i v i d u a l  e x p e r i m e n t s .  
r e p e t i t i o n  r a t e  which may va ry  r a d i c a l l y .  I n  g e n e r a l ,  s o l a r  
o b s e r v a t i o n s  p o t e n t i a l l y  produce  maximum da ta  r a t e s  s i n c e  ex- 
p o s u r e  times o f  1 / 2  sec  a r e  f e a s i b l e  f o r  e x t e n d e d  c o n t i n u o u s  
o b s e r v a t i o n  p e r i o d s .  

T o t a l  volume i s  s e n s i t i v e  t o  p i c t u r e  

D a i l y  C o l l e c t i o n  Time - D u r a t i o n  estimates r e f l e c t  
fas t  a c q u i s i t i o n  f o r  s o l a r  t a r g e t s  and s low a c q u i s i t i o n  f o r  
s t e l l a r  t a r g e t s .  D u r a t i o n  w i l l  be s e n s i t i v e  t o  t h e  t y p e  o f  
e x p e r i m e n t  as wel l .  Cont inuous  s u n  m o n i t o r i n g ,  f o r  example ,  
might  be  r e q u i r e d .  

P h o t o g r a p h i c  B i t  Dens i t i e s  - T o t a l  b i t s / p i c t u r e  are  

A r a n g e  o f  f rom l o 8  t o  10’’ b i t s  p e r  
v e r y  s e n s i t i v e  t o  o p t i c a l  r e s o l u t i o n  f a c t o r s ,  f i l m  s i z e ,  o b j e c -  
t i v e  of  e x p e r i m e n t , e t c .  
p i c t u r e  o r  b i t s  p e r  s p e c t r o g r a m  has been  used .  T h i s  may be o f f  
b y  as much as a n  o r d e r  o f  magni tude a t  e i t h e r  end .  



GENERATION 

DATA SOURCES 

MARS FLYBY MISSION 
(540 DAYS AT AND POST ENCOUNTER) 

EARTH ORBITAL MISSION - EARTH RESOURCES 
(ONE YEAR) 

EARTH ORBITAL MISSION - ASTRONOMY 
(ONE YEAR) , 

PRIME EXPERIMENT DATA 

CREW STATUS DATA 

VOICE 
+ 

S/C SYSTEMS 

TV TO EARTH 

MANNED SUPPORT S/C'S 

MARS PROBES 

TABLE 1 

MAXIMUM 
GENERAT I ON 
RATES (KB/S) 

50,000,000 

20,000,000 

5,000,000 

50 -100 

20 

30/LI NE 

~- + 

50 - 100 

20,000 

4 50 

3,000 - ,30,ooO 

AVERAGE 
GEN ERATl ON 
RATES (KB/S) 

2,000 

30, OW 

1 ,000 - 30,000 

5 - 10 

0 - 0.1 

5 - 10 

3,000 - 30,000 
DEC. 31, 1966 

SUMMARY OF DATA IRlATEl EST1 MATES 
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I 

R E M O T E  S E N S I N G  E X P E R I M E N T S  ! 
PRDCE SENSOR MAX DATA/FIIM M A  

E Photographic Camera (38" lens)  0.025 lb / t r ia l  
e 
L Photographic Camera (16" l e n s )  0.50 l b / t r i a l  < 

Photographic Camera (6" l e n s )  0.32 l b / t r i a l  

1.00 l b / t r i a l  0 
E+ Panoramic Camera (4.3" lens)  
0 
3 Mult i spec t ra l  Camera (2" l e n s )  0.167 l b / t r i a l  

I Synthet ic  Aperture Radar (10 gc) 0.233 l b / t r i a l  

lil I Synthe t ic  Aperture Radar (2  g c )  0.233 l b / t r i a l  

Synthe t ic  Aperture Radar (0.5 gc) 0.233 l b / t r i a l  

Microwave Radiometer 720 b/sec 

2-Channel Reflectometer 1 kb/sec 

Conical Scan Radiometer 20 kblsec 

Microwave Alt imeter  40 kb/sec 
I 

Vis ib le  Spectrometer 5 kb/sec 

Photometer 10 b/sec 

Laser A l t i m e t e r  106 b/sec 

Pyreheliometer 10 b/sec 

Data Rate, kb/sec (non-film) 

Number of Experiment Trials 

Experiment T r i a l  Duration, minutes (set-up, e tc . )  

Durat ion of Primary Sensor Usage, minutes 

Experiment Film Usage Rate, l b s / t r i a l  

Experiment Tota l  Film Requirement, l b s  

Experiment Photographic B i t s / T r i a l  (x 10-l') 

Total Experiment Photographic B i t s  (x 



3 . 4  

y%pTp 
15.5 15.5 17.8 38 

32 27 53 G3 .43 63 87 127 103' 100 127 127 
25.6 5.4 10.6 34.4 25.8 50.4 2 k  38 il 30 18 38 

TABLE 6 

EARTH RESOURCES AND METEOROLOGY M I S S I O N  DATA COMPILATION 
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GEOGRAPHY ATMOSPHERIC SCIENCE SC TECHNOLOGY 

2000 l b s .  

bits 

DEC. 3 1 ,  1966 



I 
I- 
U 

v, 
0 
I- 
v, 

z 
0 
I- 

W 

W 

- 
a 
z 
c3 



- 5 2  - 

- 
b 

b 
X 

- 
I 

z z 
9 
c 

- 
0 
0 
(u 

0 - 
0 

X * 
- 
c 

00 
0 
X 

(v 

cv 

c 

"0 

r?! 
c 

c) 

c 

X 
c 

9 
0 
X 

(v 

c 

'? 



- 5-3 - 

w 

% 
s Q: 

!= 
m 

v 
W x w 
-I 

2 
Q 
v) 

v) 

f 
5" 

2 
5" 

w 
& 
3 

9 

SW315AS 3/S 

I 

8 
r 9  

a3 



GENERATI ON 
SOURCES 

t ROUT1 NG 

n 

COMMUNICATIONS 

I 

I PROCESSING 

CONTROL 
I AND 

UP- DATA 
SYSTEM 4 

FIGURE 1 -FUNCTIONAL DIVISION OF SPACECRAFT DATA FLOW 

DEC. 3 1 ,  1966 

EXPERIMENT 
SUPPORT 1 
SYSTEMS 

I 
M I  SSl ON 

SYSTEMS 
EXPERIMENTAL 4 

4 

SPACECRAFT 
SYSTEMS 

1 -7 
I 

GENERATION 

DATA 
PROCESSING 

AND 
CONTROL 
SYSTEM 

cl STORAGE 

MANAGEMENT 

FIGURE 2-HARDWARE DIVtSION OF SPACECRAFT DATA FLOW 

DEC. 31, 1966 



w 
c 

w 
W 
4 

0 
I- rn 

m 

. 

t 



W c 

z 
0 E 0 

W 
W 

0 
W 
0 

-I 



- 5 7 -  

DEC. 3 1 ,  1966 

FIGURE 5 -CREW WORK LOAD FOR PICTURE ANALYSIS 
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MICROWAVE SENSOR GROUP 

I O G C  RADAR 
SYNTHETIC SYNTHETIC S Y N T H E T I C  
APERTURE APERTURE APERTURE - 

f 
I 

RADIOMETER SPECTROMETER 

EARTH RETURN 

0.03 I b . / t r i a l  0.5 I b . / t r i a l  0.3 l b . / t r i a l  1.0 I b . / t r i a l  0 .2  I b . / t r i a l  
i 

PHOTOGRAPHIC SENSOR GROUP 

I I 
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KEY: 
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2) 0 = M I S S I O N  SUPPORT EQUIPMEN1 

3) 0 = S/C SYSTEM DATA SOURCE 

'I) g = SUPPORT EXPERIMENTS BUT I S  NORMALLY PRESENT 

5 )  f = F I L M  
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S /  

FIGURE 6 ON-E 
(Manned Earth Orbital Space Statio 
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